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IGNIFICANT additions to the body of knowledge related to rheumatoid 

arthritis have been made during the years of the past decade. These ad- 
vances are reflected in the new terms appearing in the vocabulary of the disease; 
e.g., rheumatoid heart disease, rheumatoid arteritis, sensitized sheep cell aggluti- 
nation, cortisone therapy, and L.E. phenomenon. Ten years ago the sub- 
cutaneous nodule was considered an ‘‘avascular granuloma”’ and the prevalence 
of rheumatoid arthritis in this country was unknown. It was inconceivable 
then that the acute inflammatory manifestations of many of the rheumatic 
diseases would subside promptly upon administration of certain adrenal corti- 
costeroids. 

This symposium on rheumatoid arthritis summarizes and critically appraises 
the knowledge gained during these recent years. It begins with a provocative 
and illuminating review of the many diverse concepts and speculations on the 
etiology of rheumatoid arthritis. This paper emphasizes the probable sig- 
nificance of the presence in the serum of patients with this disease of a “‘specific’”’ 
substance which causes agglutination of sensitized sheep erythrocytes. 

The extensive information on this serologic reaction is masterfully analyzed 
in another paper. When erythrocytes from sheep (or other species) are coated 
with specific rabbit antiserum or with normal human gamma globulin and then 
mixed with diluted serum from a patient with peripheral rheumatoid arthritis, 

609 


4 — 1 Sue. Bi 


agglutination occurs. Before testing, the serum is absorbed with normal sheep 
erythrocytes. Hemagglutination does not take place when similarly treated 
serum, from normal subjects or from patients with other types of arthritis, is 
tested. (The agglutination test may be positive, however, in a proportion of 
cases of systemic lupus erythematosus, polyarteritis nodosa, or scleroderma.) 
The substance in the positively reacting serum responsbile for the agglutination 
is referred to as the ‘‘rheumatoid factor.’’ The erythrocytes in the system act 
simply as an inert carrier for the gamma globulin present in the human serum or 
rabbit antiserum. Other particulate matter such as bacteria or synthetic poly- 
mers (latex particles) may be substituted for erythrocytes in this test. Several 
methods of varying complexity, specificity, and sensitivity, currently in use, are 
described in the paper. An appraisal of the relative merits of these tests, their 
usefulness and implications are also discussed. 

Workers in many laboratories are now engaged in studies attempting to 
determine more definite data: whether the rheumatoid factor consists of several 
components; the nature of its chemical structure and physical characteristics; 
its biologic properties; whether it is an antibody, an enzyme, or possibly a com- 
plement; and, of prime importance, whether it contributes to or results from the 
inflammatory process in rheumatoid arthritis. 

Surprisingly, although rheumatoid arthritis was clearly distinguished from 
osteoarthritis one-half century ago, precise and standardized criteria for the 
diagnosis of rheumatoid arthritis were not established until this year. The criteria 
for ‘‘definite,”’ ‘‘probable,”’ and “possible” rheumatoid arthritis have been defined 
and validated by a Committee of the American Rheumatism Association and are 
published in thissymposium. The first satisfactory study, based on these criteria, 
of the occurrence of rheumatoid arthritis in an American community is reported 
here. The prevalence at any one time of definite and probable rheumatoid 
arthritis in persons above the age of 14 is 2.7 per cent, and in any given year at 
least 5 per cent of the population, in the district studied, have an attack of this 
type of arthritis. 

That rheumatoid arthritis is a systemic disease and is not limited to the 
structures of the joints, has long been evident. Indeed, several workers have 
suggested that the name be changed from rheumatoid arthritis to ‘‘rheumatoid 
disease.’’ Nevertheless, the occurrence of significant inflammatory changes in 
the arteries of patients with rheumatoid arthritis (rheumatoid arteritis) was 
not recognized until 1951. In the paper on ‘‘Vascular Lesions in Rheumatoid 
Arthritis,’’ evidence is presented to show that vasculitis is a conspicuous feature 
of the development of subcutaneous nodules and, moreover, that disseminated 
arteritis involving synovial lining, skeletal muscle, peripheral nerves, brain, heart, 
and other viscera may occur in some cases. It is suggested that polyarteritis 
nodosa (by which term is meant necrotizing angiitis) in rheumatoid arthritis is 
an exaggerated form of rheumatoid arteritis and not an independent lesion. 

Since vasculitis is also an integral feature of systemic lupus erythematosus 
and classical polyarteritis nodosa, the question arises as to what is the relation- 
ship of rheumatoid arthritis to these collagen diseases. Certainly it is important 
to differentiate among these illnesses since their treatment and prognosis depend 
on the diagnosis. Beyond such practical considerations, however, is a provocative 
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question. What are the etiologic or pathogenetic implications of the vascular 
lesion which apparently links rheumatoid arthritis to the collagen diseases? 
Of considerable concern to the clinician is the relationship of prolonged steroid 
therapy to the activation or accentuation of the arterial lesions and also to the 
apparently rising incidence of polyarteritis nodosa in patients with rheumatoid 
arthritis. These problems are discussed in several papers of this symposium. 

There is unanimity of opinion that treatment of the patient with rheumatoid 
arthritis should be comprehensive, individualized, and, in the beginning, con- 
servative. What these overworked but meaningful words imply is fully specified 
in three papers of this collection by workers who have had many years of intensive 
experience with rheumatic diseases and who have consistently exercised critical 
judgment in appraising the value and limitations of a conservative program of 
treatment. The results obtained by simple medical, physical, and orthopedic 
measures serve as yardsticks by which more potent agents are evaluated. 
Approximately 50 per cent of the patients treated conservatively and followed 
for about ten years are either improved, markedly improved, or in remission. 

The less fortunate half of the patients who fail to improve or who become 
progressively worse despite skillful conservative treatment confront the physician 
with a challenging problem to which there is no simple or entirely safe solution. 
In these cases the clinician will resort generally to one of the more potent anti- 
rheumatic agents; gold compounds, adrenocortical steroids or their synthetic 
analogues, or phenylbutazone. He will do so cognizant that these drugs suppress 
but do not arrest the disease and, like the conservative regimen, do not signifi- 
cantly alter the ultimate course of rheumatoid arthritis. Yet, administration 
of these compounds results in considerable benefit to the patient, impressively 
increases his functional capacity, and facilitates and accelerates his rehabilitation. 
The administration of each of these agents is associated, however, with potential 
hazard and the physician must estimate whether the anticipated gains in each 
case exceed the risks of serious, adverse side effects. To help in this decision, the 
benefits and toxicity observed with each of these potent agents are carefully 
analyzed and evaluated by several clinical investigators of long experience. 

The final paper reports experience with a program in which patients with 
arthritis return to gainful occupation under competitive conditions. Success in 
40 per cent of the cases is reported. Serious functional impairment, middle age, 
and long duration of arthritis, surprisingly, do not preclude return to employment, 
provided the patient is properly motivated, can endure regular work, and is 
guided by a team of interested and competent counselors. Incidentally, it is 
discouraging to note how few private physicians avail themselves of the help 
offered to their arthritic patients by vocational rehabilitation agencies. 

While it is true that little is known about the etiology and pathogenesis of 
rheumatoid arthritis and that a cure for this crippling disease remains elusive, 
it is none the less important that what 7s known about this illness should be 
effectively applied and that the measures proved to be of therapeutic value be 
administered as soon after onset as possible. It is hoped that this symposium 
will contribute to the attainment of this end. 

JoserH J. Bunim, M.D. 
Bethesda, Md. 
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NTIL the last decade, interest in the rheumatic diseases (with the exception 

of rheumatic fever) was dormant except for the few physicians practicing in 
this field. The reason for disinterest in these diseases was a lack of knowledge of 
their basic pathology, etiology, and pathogenesis, and the absence of a logical 
nosologic classification. That rheumatic diseases are now provoking widespread 
interest and study can be ascribed to the work of Klinge in the early 1930's, 
who first drew attention to the systemic character of the connective tissue lesions 


in rheumatic fever and their similarity to the tissue changes in the hyperergic 
state; to the work of Klemperer in the 1940's, who first perceived the nosologic 
unity of the ‘‘collagen-vascular”’ group of disorders; and, finally, to Hench’s 
discovery of the therapeutic efficacy of cortical steroid hormones in their treat- 


ment. 

The investigations into the causal mechanisms of the rheumatic diseases 
stimulated by these new lines of thought have been hampered by an almost total 
ignorance of the physiology, pathology, and reactivity of the tissues concerned. 
Immense strides have been made in a very short time in remedying this deficiency, 
and connective tissue metabolism, an unknown field a few years ago, is now being 
actively explored by an amazingly wide range of biochemical, biophysical, 
enzymatic, and histochemical techniques. Much new knowledge has been ac- 
quired but the study is still in an analytical stage and insufficient data have as 
yet accrued to permit the synthesis of formal concepts of pathogenetic mechanisms 
in connective tissue diseases. 

Many of today’s etiologic hypotheses of rheumatoid arthritis are still based 
on uncritical clinical impressions, but there are some which, although far from 
being proved, have some weight of scientific evidence to support them. 
These concepts include disordered adrenocortical function, disordered hepatic 
metabolism, and the hyperimmune state. The evidence on which each is based 
will be examined, and, in addition, the possible etiologic implications of the sheep 
cell agglutination test, the most important finding since rheumatoid arthritis 
was first described as a separate disease entity, will be discussed. 
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THEORY OF ADRENOCORTICAL DYSFUNCTION 


It is only within the last decade that the attention of investigators into 
the cause of rheumatoid arthritis has been focused on the adrenal cortex in an 
attempt to ascertain whether a functional disturbance of this gland, or of its 
response to pituitary stimulation, is responsible for the rheumatoid state. This 
line of investigation was instigated largely by the discovery of the clinical effective- 
ness of corticotropin and of cortisone and its analogues in rheumatoid arthritis 
and other rheumatic diseases. 

It soon became apparent that the action of steroid hormones in arthritis is 
not due to a deficient output of cortisone-like steroids by the adrenals; hormone 
therapy is not replacement therapy in this disease. Electrolyte balance is main- 
tained, there is no impairment of potassium tolerance,® and the adrenal response 
to corticotropin and adrenalin is, in all respects, normal!!® even after years of 
cortisone administration.” The association of rheumatoid arthritis withclinical 
adrenocortical deficiency is rare and probably fortuitous. When it does occur both 
the arthritis and the Addison’s disease respond to cortisone in the usual way.?°*6 
The administration of deoxycortone to patients with Addison’s disease is said 
to provoke the onset of arthritis alleviated by cortisone,“* but DCA is a non- 
physiologic steroid, and there are no reports of replacement therapy with aldo- 
sterone causing such a syndrome. The adrenals are structurally normal in rheu- 
matoid arthritis!°* and blood levels of corticosteroids are within normal limits.*” ” 

Intensive study is being made of the urinary excretion of steroid metab- 
olites in rheumatoid arthritis as a means of assessing adrenocortical function. 
The over-all average excretion by the adrenal of neutral 17-ketosteroids is 
generally reported as being normal, but low normal and subnormal levels have 
been found, these generally not differing from the low levels found in other chronic, 
debilitating diseases. A low mean level of urinary reducing steroids has been 
reported by one group of workers® but others have found no significant alteration 
in this respect.5® 1! 

Although there may be no evidence of abnormality in the urinary excretion 
of total neutral 17-ketosteroids or 11-oxycorticosteroids, this does not necessarily 
imply that there is no adnormality in the metabolism or secretion of the Co; 
group of steroids by the adrenal, and new techniques for the fractionation and 
separation of urinary steroids are being elaborated to determine patterns of 
steroid excretion more precisely. Devis*® performed differential analysis of the 
urinary 17-ketosteroids in rheumatoid arthritis and found, in 10 out of 15 cases, 
a decrease in the proportion of 11-deoxy-17-ketosteroids. Fractionation studies 
by Kellie and Wade®’ revealed an increased ratio of etiocholanolone to andro- 
sterone in the urines of three patients with rheumatoid arthritis, in whom the 
administration of corticotropin caused a reversion of this ratio to normal, as 
well as an increased excretion of all the fractions. However, they point out 
that a similar trend in this ratio has been observed in patients with prostatic 
cancer. Birke and Plantin!® found normal excretion patterns of individual 17- 
ketosteroids in rheumatoid arthritis. Norymberski and others*® claimed an 
abnormality in the urinary corticosteroid pattern in rheumatoid arthritics. They 
described a structurally well-defined group designated 17-ketogenic steroids, the 
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daily excretion of which they found to be 40 per cent below normal values, and 
to be elevated by corticotropin administration. This steroid group is believed 
to reflect mainly the adrenal output of hydrocortisone, the principal steroid 
secreted. Later, however, in a larger series of cases, the average deviation of 
17-ketogenic steroid output by rheumatoids was found to be only minus 20 per 
cent of control values.4- Dobriner, in 1951, reported the isolation from rheumatoid 
arthritis urines of a steroid, 17-hydroxypregnenolone, said to be absent from the 
urine of healthy subjects, but observed to be excreted by subjects with adrenal 
hyperplasia or tumour. It was concluded that this finding was evidence of 
adrenocortical dysfunction. However, the same compound was later detected 
in pregnancy urine, in myeloid leukemia and, in traces, in normal urine.* * 
So 17-hydroxypregnenolone could no longer be considered a pathologic metabolite, 
but its excessive excretion in rheumatoid arthritis and the adrenogenital syn- 
drome’ merited further investigation. Appleby and Norymberski’ elaborated a 
method for the group determination of 21-deoxyketol compounds (of which 17- 
hydroxypregnenolone is a member) involving their selective conversion into 17- 
ketosteroids. The found no grossly abnormal excretion of this steroid group in 
rheumatoid arthritics, the average total excretion being less than that of the 
17-hydroxypregnenolone originally found by Dobriner ina single case of 
arthritis. They concluded, therefore, that excessive excretion of 17-hydroxypreg- 
nenolone could not be considered an abnormality generally associated with rheu- 
matoid arthritis. A report of deficient aldosterone excretion in rheumatoid 
arthritis” has not been confirmed, and aldosterone itself is not antirheumatic in 
rheumatoid arthritis.!° 

It seems, therefore, that no specific metabolic defect in steroid excretion has 
thus far been detected in rheumatoid arthritis, at least not by the techniques 
used, but it must be admitted that knowledge of the pattern of steroid excretion, 
even in healthy subjects, is still little more than rudimentary. 

Could the abnormality in rheumatoid arthritis lie in a failure of the organism 
to metabolize endogenous hydrocortisone correctly? This question has been 
answered by studies using hydrocortisone labeled with C' at the 4-C position.5”. # 
No consistent abnormality in the physiologic disposition or metabolic fate of the 
radioactive hydrocortisone is discernible in subjects with rheumatoid arthritis 
(or in untreated adrenalectomized subjects), indicating that there is thus no 
evidence of failure in removal or hepatic conjugation of hydrocortisone. 

Although plasma levels of hydrocortisone do not seem abnormal in rheu- 
matoid arthritis, there is some evidence of a disturbance of the normal diurnal 
rhythm of plasma corticoids in which plasma hydrocortisone normally reaches a 
peak level around 7 or 8 A. M. and is lowest in the hours after midnight. The 
peak output in rheumatoid arthritis appears to be consistently decreased,!>:!27 
and this finding, although probably not specific, corresponds with an alteration 
in the diurnal pattern of urinary 17-hydroxycorticosteroid and 17-ketosteroid 
excretion,®® and accounts for some of the symptoms of the disease. 

The presence of endogenous hydrocortisone in rheumatoid synovial fluid was 
detected by Cope and Sewell*® and they concluded that there was no barrier at 
the blood-synovial interface to account for the symptomatology. However, 
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using a somewhat different technique, Wilson and her co-workers*!** failed to 
find hydrocortisone in significant amounts in synovial fluid of patients with 
rheumatoid arthritis even when patients were receiving cortisone. But, in view 
of the widespread nature of the connective tissue reaction in rheumatoid arthritis, 
it seems unlikely that the question of altered permeability of the synovial barrier 
to endogenous steroids will be etiologically important. 

On the basis of finding an abnormally high urinary excretion of pregnanedioi 
after the administration of progesterone to rheumatoid subjects, Sommerville 
and others!® tentatively suggest that an analogous failure of corticosteroid 
metabolism peripherally in the tissues might be concerned in the production of 
arthritis. However, there is no knowledge that the enzyme systems concerned in 
the reduction of progesterone and hydrocortisone are the same, and other workers 
have failed to confirm these findings.'% The concept of impaired metabolism 
of steroids at cellular level in the connective tissues is difficult to explore, but 
merits consideration if only because the daily requirements of exogenous hormones 
by the active arthritic are some four to five times as great as the daily output 
of hydrocortisone by the normal adrenal.” 

Physiologically the adrenal is but one link in the neuroendocrine system 
regulating the homeostatic and defense mechanism of the body, other components 
being the hypothalamus, the anterior hypophysis, and the autonomic nervous 
system. Cortical steroid secretion is under the direct control of pituitary corti- 
cotropin, the release of which is regulated by the hypothalamus through autonomic 
neural and humoral ‘‘feed back’’ mechanisms in which blood levels of corti- 
costeroids and epinephrine are concerned. Investigationsof pituitary structure, 
function, and response to adrenergic stimuli are therefore warranted, and Pearse*® 
has described specific histochemical changes in the mucoid cells of the anterior 
pituitary in rheumatoid arthritis similar or identical to those found in Addison’s 
disease, and not occurring in normal subjects or in other disease states. This 
observation would imply a condition of hypoadrenalism or adrenocortical dys- 
function causing secondary pituitary changes, but this implication is not justified 
until the observation has been confirmed and more is known about the structure 
and function of the mucoid cells and their relation to the adrenals. So far this 
observation is unconfirmed.’ Functionally, the anterior and posterior lobes of 
the pituitary appear normal in rheumatoid arthritis as far as can be judged by 
present methods of investigation. The response to epinephrine is unimpaired''® 
and the urinary output of follicle-stimulating hormone is normal.® No consistent 
abnormality in production of thyroid-stimulating hormone has been observed. 

Although there are no direct observations bearing on a possible relationship 
of pituitary somatotropic hormone to the pathogenesis of rheumatoid arthritis 
in man, some recent experimental work is of interest in showing that this particular 
hormone may be concerned in the causation of a chronic polvarthritis in rats. 
Briefly, it has been observed that a chronic destructive polyarthritis develops 
when adrenalectomized-castrated rats are given pituitary growth hormone over 
a period of months, and that this may also occur in intact animals.®:°? That 
the arthritis is not due to nonspecific sensitization to the pituitary extracts used 
is shown by the equal effectiveness of purified, electrophoretically homogeneous 
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material. The significance of these observations is at present unclear, and it 
would be unwise to draw any inferences from them, but pituitary growth hormone 
appears to be necessary for the formation and maintenance of connective tissues 
components, especially in cartilage, possibly by virtue of a specific influence on 
the incorporation of chondroitin sulfate into them.?*:?9 It may be of significance 
that this effect of growth hormone is inhibited by hydrocortisone. 


THEORY OF DISORDERED METABOLISM DUE TO HEPATIC DYSFUNCTION 


It has long been suspected that liver function may be disordered in rheu- 
matoid arthritis, especially with regard to protein synthesis and carbohydrate 
metabolism. In recent years the finding of consistently abnormal plasma protein 
patterns and abnormalities in the so-called ‘‘liver function’’ flocculation tests 
associated with hyperglobulinemia has provoked a large number of investigations 
into various aspects of hepatic function in rheumatoid arthritis, often with con- 
flicting or contradictory results. But more solid evidence of inconsistent and mild, 
yet definite, impairment of some hepatic processes is now becoming apparent. 

Structurally, the liver shows no specific histologic abnormality,’:”:®* and its 
ability to excrete bile pigments (a crude test of hepatocellular function) is un- 
questionably normal.”:7?:1% So also is the production of the enzymes, alkaline 
phosphatase, and cholinesterase.**:72:112:23 Most observers find blood levels of 
cholesterol to be within normal limits in rheumatoid arthritis,"1% and blood 
and urinary creatine levels are also reported as being normal.?” A study of the 
urinary output of coproporphyrin claims to show the presence of mild hepatic 
impairment in one-third of the cases tested. Prothrombin synthesis has also 
been investigated, and is said to be moderately reduced in 20 per cent of cases.” 

Carbohydrate intolerance was first suspected in rheumatoid arthritics be- 
cause when given glucose orally or intravenously their blood sugar curves some- 
times showed a slow return to fasting levels.*°:!3! Elevated sugar tolerance 
curves in arterial blood, with normal arteriovenous differences in simultaneous 
venous samples, were also taken to indicate decreased hepatic glycogenolysis.? 
But apparent intolerance to carbohydrate cannot properly be evaluated without 
considering the general nutritional status and prior levels of carbohydrate intake 
of the subjects, and these factors were generally neglected in early studies. In 
addition, glucose metabolism is not entirely an hepatic function. More accurate 
information can be gained from studying tolerance to fructose, a sugar not 
normally present in the blood, which is almost exclusively metabolized by the 
liver, and for which specific methods of determination are available. Ina thought- 
ful, controlled study of fructose tolerance in rheumatoid arthritics, some 60 
per cent were found to have abnormal blood curves, and this seems to provide 
evidence of mild impairment of hepatic glycogenolysis in this disease.!% 

A theory that the cause of rheumatoid arthritis lies in a reduced hepatic 
capacity to convert carbohydrate is based on the observation in this disease of 
subnormal blood citric acid levels and elevated pyruvate levels, together with 
hyperglobulinemia.'*:7? Although the proponents of this theory claim that the 
administration of adenosine triphosphate, given to stimulate carbohydrate con- 
version, is beneficial in rheumatoid arthritis, other investigators have found it to 
be of no value.**.1?9 
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The ability of the liver to conjugate benzoic acid with glycine in hippurate 
synthesis has been investigated in rheumatoid arthritis, and although in some 
studies it has been found deficient in varying proportions of cases,7?!% other 
investigators have found no such abnormality.®?:” 

The capacity of rheumatoid subjects to acetylate p-aminobenzoic acid and 
sulfadiazine has been investigated and found to be normal, although this may not 
exclude hepatic disease.**:** 

The excretory capacity of the liver was studied using the dye azorubin S 
given intraduodenally, and was found in one study to be impaired in some 55 
per cent of patients.°* But a more reliable and sensitive test of hepatocellular 
dysfunction, when correctly performed, is hepatic excretion of Bromsulphalein 
(BSP). BSP excretion was found to be normal in two studies™:!" but the tech- 
nique used has been criticized, and significant but small amounts of dye retention 
have been found by other workers in from 20 to 50 per cent of the cases.?5.7?.86 
BSP clearance is dependent not only on the ability of the liver to concentrate 
and then excrete the dye, but also on the rate of hepatic blood flow, and this factor 
has not received independent study. 

Because of the marked general tissue wasting, negative nitrogen balance, 
and hypoalbuminemia which rheumatoid patients frequently develop, the pos- 
sibility of an intrinsic disturbance of protein metabolism has received attention. 
Albumin is synthesized in the liver. Studies of nitrogen balance on changing from 
a low to a high protein intake have shown no pattern of nitrogen retention that 
could be correlated with the severity or duration of the arthritis, the greatest 
increments in retained nitrogen occurring in those patients most underweight.!” 
Determinations of the urinary excretion and plasma levels of total and individual 
amino acids (including hydroxyproline and glycine, which together comprise 
one-third of the amino acid residues of collagen) show no striking deviation from 
the normal.!#:5:1%,136 [nfused serum albumin and gamma globulin disappear 
from the blood stream more rapidly in rheumatoid arthritics than in normal 
subjects, but this may be due to chronic malnutrition associated with the negative 
nitrogen balance, or possibly to a specific immunologic response in this disease.!° 

The most consistent evidence for a belief of deranged liver function in rheu- 
matoid arthritis is the altered plasma protein electrophoretic pattern and con- 
current abnormalities in serum flocculation tests related to hyperglobulinemia. 
The tests most frequently positive in rheumatoid arthritis are the colloidal gold, 
cephalin-cholesterol flocculation, thymol turbidity, and zinc sulfate reac- 
tions’:!*.'%: the colloidal gold test is the most frequently abnormal. The plasma 
protein changes most commonly encountered consist of depression of the albumin 
and elevation of the globulin and fibrinogen peaks.>:°*!%.!'4 The latter is largely 
responsible for changes in the erythrocyte sedimentation rate. The major in- 
crease in the globulin is in the euglobulin fraction,?* more specificially, the alpha-2 
and gamma globulin peaks, resulting in a depressed albumin alpha-2 globulin 
ratio. Similar electrophoretic patterns are found in rheumatic fever and, as they 
revert to normal when the disease remits, can be used in the assessment of disease 
activity. In both diseases there is also an increase in protein-bound polysac- 
charide, particularly in the elevated alpha-2 fraction.®:*° 
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Finally, the ability of the liver to conjugate hydroxycorticosteroids in rheu- 
matoid arthritis must be considered, as 95 per cent or more of administered 
hydrocortisone is excreted in conjugated form. The normal plasma levels of 
hydroxycorticosteroids found in rheumatoid arthritis would not necessarily ex- 
clude impairment of hepatic excretion, as has been demonstrated in both acute 
and chronic liver damage.'®:"7_ However, studies with intravenously administered, 
isotopically labeled hydrocortisone have shown no inability of the rheumatoid 
subject to remove it from the blood stream or to excrete it in conjugated form.” 

It is difficult to interpret the varied and sometimes contradictory data 
concerning liver function in rheumatoid arthritis in etiologic terms. It is im- 
probable that the plasma protein changes found by chemical and electrophoretic 
studies, or indirectly by abnormalities of flocculation and turbidity tests, reflect 
disordered hepatic function; they are known to occur in conditions without liver 
damage. The cause of the hyperfibrinogenemia is not known, but it is not a 
feature of liver damage. The hyperglobulinemia, which is the most consistent 
finding, might be an immunologic rather than a hepatotoxic reaction. The most 
that can be said is that some 20 to 33 per cent of patients have evidence of some 
minor hepatic dysfunction at some time, but there is no evidence of any primary 
dysfunction that could be etiologically related to rheumatoid arthritis. 


THEORY OF HYPERSENSITIVITY 


The theory of allergy, or acquired hypersensitivity to a foreign protein, 
as the pathogenetic basis of rheumatoid arthritis has become increasingly prom- 
inent in the past twenty years, and to many observers a state of sustained allergic 
reaction in the tissues offers the only satisfactory explanation of this chronic, 
often lifelong, inflammatory process, involving connective tissues in almost all 
sites of the body. The granulomatous nature of the tissue reaction which, al- 
though characteristic and generally diagnostic is, nevertheless, nonspecific, is an 
added appeal to the devotees of this concept. If the process is an allergic one, 
it could be either of the immediate anaphylactic or delayed tuberculin type, 
and studies of experimentally induced hypersensitivity states of both types in 
laboratory animals appear to have some bearing on the mechanisms that might 
be involved. If rheumatoid inflammation is a reaction to antigen-antibody union 
at selected sites in the connective tissues, the supply of antigen must necessarily 
be continuous or the reaction must in some way be self-perpetuating. Rheumatic 
fever, generally accepted as an hyperimmune response to unknown antigens in 
beta hemolytic streptococci, is a self-limiting disease, and its reactivation is 
dependent on streptococcal reinfection. The same is true of acute glomerulone- 
phritis. As there is no evidence of bacterial infection in rheumatoid arthritis, 
this difficulty regarding the source of the supposed antigen may theoretically 
be overcome by the supposition of an autogenous supply of antigen, a component 
of the host’s own connective tissues rendered antigenic, either as a full antigen or a 


hapten, by some alteration in its environment. This theory of autoimmuni- 


zation, although attractive, is as yet unproved in any disease other than some of 


the acquired hemolytic anemias. 
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Probably the first serious contribution to the hypersensitivity concept was 
the work of Klinge who, in 1933, postulated hypersensitivity as the cause of 
rheumatic fever and suggested a similar etiology for rheumatoid arthritis. In the 
next few years there were many clinical claims to have demonstrated an allergic 
factor in rheumatoid arthritis, mostly to foodstuff allergens, but the evidence 
on which these claims were based was tenuous, usually involving uncontrolled 
skin-testing of selected patients, and, besides being inferential only, would not 


now stand up to critical scrutiny. 

The presence in rheumatoid sera of agglutinins for streptococci provided 
material for a belief that allergy to these organisms was the cause of the disease. 
But it is now known that the factor causing streptococcal agglutination is not 
specific for this or any other organism, and although it cannot be said that it is 
not an antibody of some sort, it can be said with certainty that its presence is not 
an immune response to streptococcal infection. The mechanism of streptococcal 
aggulutination in rheumatoid arthritis is best explained as an interaction between 
an unknown serum globulin component and a reactant in the gamma globulin 
fraction, the role of streptococci being the nonimmunologic one of serving as a 
carrier for the gamma globulin reactant and an indicator of a precipitin reaction 
between the two globulin factors. 

Clinical observations of its natural history having yielded no information as 
to the possible role played by hypersensitivity in the causation of rheumatoid arth- 
ritis, the evidence suggesting that it might do so is as yet indirect, based on obser- 
vations of nosologically similar connective tissue disorders in man and on studies 
of experimentally induced hypersensitivity states in animals. 

This evidence has been well stated by Rich,!°° many of the observations being 
his own. Rich’s views are largely based on the observation of the basic similarity 
of the connective tissue lesions of a group of diseases comprising rheumatoid 
arthritis, disseminated lupus erythematous, polyarteritis nodosa, rheumatic fever, 
serum sickness, anaphylactoid purpura, and acute glomerulonephritis, and on the 
further observation, drawn from a large volume of experimental studies, that 
histologically identical focal collagen and necrotizing vascular lesions can be 
caused in animals by immunization with foreign proteins. Rich believes the 
anaphylactic type of hypersensitivity to foreign antigens to be the cause of the 
diseases in this nosologic group, and stresses also the close similarity between 
the clinicopathologic manifestations of these diseases with those of the experi- 
mental anaphylactic state. Although the mechanism of tissue injury in all these 
examples is the hyperimmune state, the responsible etiologic agents are assumed 
to be diverse, bacterial and nonbacterial, protein, and hapten. Examples of 
agents known to be antigenically-active in disease processes in man include foreign 
proteins, iodine, and sulfonamides in polyarteritis nodosa; hemolytic streptococcal 
products in rheumatic fever, acute glomerulonephritis, and anaphylactoid pur- 
pura; and drugs such as Sedormid in acquired thrombocytopenic purpura. ' 

The lesions caused by intravenous injections of foreign proteins in animals 
in the heart, arteries, kidneys, and joints closely resemble those found in some 
connective tissue disorders, the analogy being perhaps closest in rheumatic fever 
and acute nephritis, and are accompanied by serologic evidence of antibody 
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formation.** Homologous tissue transplants provoke the same histologic and 
immunologic responses. Studies of the articular lesions of induced delayed-type 
(tuberculin) hypersensitivity in animals shows them to bear a stronger resemb- 
lance to rheumatoid arthritis than those of immediate-type (anaphylactic) 
hypersensitivity.!*:9° 

The morphologic similarity of the visceral lesions of human subjects dying 
of drug sensitivity with those of the experimentally hypersensitive animal on 
the one hand, and the lesions of the connective tissue diseases on the other, is 
sufficiently striking to suggest a common pathogenesis for them all,*® although 
not necessarily a common etiology. 

The search for an exogenous antigen in rheumatoid arthritis responsible 
for the hypothesized hypersensitivity state has so far proved unrewarding. 
Human pleuropneumonia-like organisms in the L form offer a persistent source 
of living antigen, invisible in tissues and cells and not demonstrable by routine 
methods, which would theoretically satisfy the criteria for such an antigen.'” In 
addition, they can cause chronic polyarthritis in mice.**:!° However, L organisms 
cannot be isolated from the blood, tissues, or synovial fluid in rheumatoid arth- 
ritis,*»*? although claims for the detection of serologic agglutinins to them have 
been made in cases of Reiter’s syndrome.*!:!*8 

‘“Hypersensitive’’ types of cutaneous responses to streptococcal vaccines 
have been noted in conditions of proved streptococcal allergy (rheumatic fever, 
erythema nodosum) and also in some cases of rheumatoid arthritis, but the 
lesions produced more closely resemble those of the Arthus type of reaction and 
serum sickness, and do not justify anv conclusive inferences with regard to strep- 
tococcal allergy in rheumatoid arthritis.™ 

The hyperimmune state may be provoked not only by exogenous allergens 
but also by autoimmunization to components of body tissues rendered antigenic 
by contact with bacteria or bacterial products, and provoking the formation 
of tissue-specific antibodies. In the experimental animal, immunization with 
homologous tissues conjugated with streptococcal vaccine results in the formation 


of specifically active autoantibodies to heart, connective tissue, and muscle, 
demonstrable in vivo, and pathologic lesions in the same organs broadly resemb- 


ling those of rheumatic fever.*! 

But hypotheses of autoantibody formation to human tissue components are 
difficult to substantiate. The hyperglobulinemia of rheumatoid arthritis has 
been suggested as evidence of a hyperimmune response of this nature,!%:!4 but 
rheumatoid gamma globulin (Cohn fraction II) isotopically labeled with I'*! 
shows no special affinity for equilibration with either normal or rheumatoid 
joint tissue, in vitro or in vivo.”° Attempts to identify antibodies in rheumatoid 
sera to antigen prepared from normal and pathologic joint tissues have been 
unsuccessful,’ and skin-testing with filtrates of rheumatoid synovium, nodules, 
and synovial fluid fails to demonstrate an immune response in rheumatoid sub- 
jects. *° 

Experimentally, efforts to produce arthritis in animals by immunization 
with homologous joint and other tissues, with or without the addition of strep- 
tococeal vaccine, have failed to cause arthritis or antibodv formation.®* The 
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Masugi type of experimental nephritis has been used as a model in an effort 
to produce a synovotoxic arthritis, but both rabbit and guinea pig anti-guinea- 
pig-joint sera, labeled with I'*!, failed to localize in the joints when injected into 
normal guinea pigs, or to cause synovial inflammation.** 

One of the stumbling blocks to the autosensitization concept in rheumatoid 
arthritis is the nonantigenicity of known isolated connective-tissue components, 
with the exception of reticulin.“ Purified collagen and gelatin are nonanti- 
genic,®!"!° and cannot be rendered so by coupling with diazotized sulfanilic acid 
or human serum globulin.'” The acid-soluble fraction of rattail collagen is 
mildly antigenic’® but this particular type of collagen is not found in human 
connective tissues. Antibodies to human collagen, of complement-fixing or pre- 
cipitating type, cannot be found in the sera of patients with rheumatoid arthritis 
or other connective tissue diseases.! Of the connective tissue mucopolysac- 
charides, hyaluronic acid is nonantigenic alone, after conjugation with horse 
serum albumin, or even when present in the capsules of virulent strains of strep- 
tococci.®:8* Another prominent connective tissue mucopolysaccharide, chon- 
droitin sulfate, is also nonantigenic, but it has been claimed that it can be made 
so in rabbits by conjugation with group A hemolytic streptococcal vaccine. 
Chondroitin sulfate-treated vaccine is said to give rise not only to sera precipitat- 
ing specifically with this mucopolysaccharide, but also to polyarthritis in rabbits 
immunized with it.47 However, there are grounds for believing that the anti- 
genic stimulant lies not in the chondroitin sulfate itself, but in a protein con- 
nective tissue component contaminating it." Nevertheless, some vegetable 
and synthetic polysaccharides, themselves not antigenic in the rabbit, do acquire 
specific antigenicity after adsorption onto hemolytic streptococci,** and _ this 
still remains a possible mechanism of autosensitization. 

The therapeutic efficacy of steroid hormones in rheumatoid arthritis has 
been interpreted as a substantiation of the allergic origin of the disease.*! The 
case put forward by the proponents of this theory is based on the known action 
of steroids in causing inhibition of cellular mitosis and also of depressing homolo- 
gous and heterologous immunity to tumor growth in the mouse. Depression 
of host immune responses is said to be due to inhibition of mitosis of the reticulo- 
endothelial cells, with resultant abolition of antibody formation and consequently 
of the allergic inflammatory response. Such a mechanism could account for the 
nonspecific nature of the antiphlogistic action of steroid hormones, and possibly 
also for their uricosuric and nitrogen-retaining effects, because of impaired nucleo- 
protein synthesis. 

This suggested theory of the antiallergic action of steroid hormones in 
rheumatoid arthritis is not supported by parallel investigations. The tissue 
response in known bacterial allergies, such as tuberculin hypersensitivity in 
guinea pigs, is strongly inhibited by cortisone and corticotropin.” If there is 
an analogy between the delayed type of allergy and the tissue reaction in rheu- 
matoid arthritis, factors affecting the former might also be expected to influence 
the latter..7® But glucose-one-phosphate, lysergic acid-diethylamide, and 
ascorbic acid saturation, all of which suppress or diminish experimental tuberculin 
hypersensitivity, do not influence either the disease process or the reaction to 
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purified protein derivative of tuberculin in patients with rheumatoid arthritis.7° 
Although these experiments fail to support an analogy between experimental 
tuberculin-type hypersensitivity and the rheumatoid state, they also do not 
refute it. 


THE RELATION OF SEROLOGIC AGGLUTINATION PHENOMENA TO THE 
CAUSATION OF RHEUMATOID ARTHRITIS 


The sensitized sheep cell agglutination test, its modifications, and subsequent 
development are discussed elsewhere in this issue, and have also been dealt 
with at length in another publication,® but it is germane to the problem of the 
pathogenesis of rheumatoid arthritis to discuss here some possible implications 
of this perplexing phenomenon. 

That the reaction to this test is of fundamental importance cannot be 
doubted. Its specificity for the adult and juvenile forms of rheumatoid arthritis, 
its absence in the pathologically related conditions, ankylosing spondylitis and 
psoriatic arthritis, and its failure to be influenced by remissions of the disease all 
point to some pathogenetic relationship and exclude a nonspecific inflammatory 
causation. 

Chemical identification of the rheumatoid agglutinating factor (AF) is 
proving very difficult despite the use of diverse chemical and electrophoretic 
techniques of plasma fractionation. AF is nondialysable and thermostable, has 
been variously located in the beta and gamma globulin fractions of serum, 
and has been associated with both beta-lipoprotein,®® and beta-glycoprotein.!07"!!9 
Very recently Greenbury® succeeded in eluting the factor in concentrated form 
from agglutinated erythrocytes and the use of his technique may help to clarify 
its chemical and immunologic structure. Previous attempts to recover the factor 
from serum by adsorption on sensitized cells, barium sulfate, asbestos, and 
paper had met with no success. 

Rheumatoid AF shows no specificity for the system used as substrate, either 
regarding the source of the cells agglutinated or the source of the sensitizing 
amboceptor, and even the patient’s own washed erythrocytes can be used if 
sensitized with homologous antibody.‘* Nevertheless, AF does not enhance 
agglutination by normal human or infectious mononucleosis sera, or by anti-Rh 
sera against Rh-positive cells, so it is not an enhancer of nonspecific agglutination. 
Its action is augmented by nonimmune sera and pooled human plasma,®%:!%4 
another feature suggestive of an immune antigen-antibody reaction. 

The lack of immunologic specificity of the reaction leads to the conclusion 
that in the sensitized erythrocyte systems generally used, the erythrocytes are 
not the source of antigen, and this was proved by Heller and others®** who demon- 
strated that tannic acid-coated (and therefore immunologically inert) erythrocytes 
are agglutinated by active rheumatoid sera when coated with human serum 
Cohn fraction IT (electrophoretically, gamma globulin). Washed and amboceptor- 
sensitized erythrocyte stroma are also capable of being agglutinated." Erythro- 
cytes can, in fact, be eliminated from the system entirely, as the factor is also 
active in nonagglutinating systems and can be adsorbed on the immune pre- 
cipitates from the antisera of rabbits immunized with crystalline egg albumin or 
conalbumin, although it cannot be adsorbed by barium sulfate.!!8:!!9 
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Other immune systems known to detect agglutination are Brucella abortus 
and human antibrucella serum,’ pneumococcal polysaccharide-coated eryth- 
rocytes sensitized with pneumococcal antiserum, and A-substance-coated human 
group A cells sensitized with anti-A antibody. However, agglutination does 
not occur with fowl cells sensitized with incomplete antifowl cell antibody, or 
with sheep cells sensitized with anti-Forssman antibody.” 

The first conclusion to be drawn from these observations is that the function 
of erythrocytes in the test is that of an immunologically inert carrier of an active 
fraction contained in the sensitizing antiserum, and an indicator of the reaction 
between it and the AF. Support for this conclusion is the demonstration that 
polystyrene latex particles coated with pooled human gamma globulin will serve 
as a carrier mechanism.°® Furthermore, active rheumatoid sera will cause a 
precipitin reaction with pooled human serum fraction II, and the reaction is 
inhibited by an excess of fraction II. The reacting portion of the fraction I] 
(F II) is only a part of the total gamma globulin.*? A second conclusion which 
might be drawn, therefore, is that if AF is really an antibody in an immune re- 
action, as these findings seem to suggest, the antigen concerned must necessarily 
be a gamma globulin constituent of normal human serum F IJ, and also of a wide 
range of antisera, without species-specificity. 

Further recent observations of some significance concern reversal of the 
agglutination by AF of pneumococcal polysaccharide-coated erythrocytes sen- 
sitized with antipneumococcal serum, by an excess of the pneumococcal polysac- 
charide, and also of the analogous reaction with human A-substance and anti-A 
antiserum by excess A-substance.*® When reversal occurs, free AF is liberated in 


the supernate. Note that in these examples reversal or inhibition occurs only 
with the antigen specific for the amboceptor used. (Ziff and others'* were able 
to inhibit the sensitized sheep cell test with pooled human gamma globulin not 


only in vitro, but also in vivo.) 

The most likely explanation of these reversal-inhibition phenomena is 
competition between AF and excess antigen for union with the divalent sen- 
sitizing amboceptor on the carrier, and some confirmation of this is found in 
Greenbury’s failure, with active sera, to cause agglutination of cells sensitized 
with incomplete (univalent) antibody. But as he points out, there is no explana- 
tion of why AF attaches itself only to antibody combined with its antigen. 

A further complication in the elucidation of the agglutination mechanism 
is the observation of Vaughan!'!’ that active sera, completely absorbed by immune 
precipitates of all agglutinating activity for sensitized erythrocytes, still retain 
the power of agglutinating tanned, F II-coated cells. Does this imply two separate 
agglutinating factors? (Lospalluto and Ziff,’7”? in the most intensive chemical 
purification of AF yet achieved, find in their 500-fold-purified material two 
components, both with slow mobilities in the gamma globulin range), or does 
it mean a single agglutinin with cross-reacting specificity? 

A third possibility is that AF may be a complement, but there is no defin- 
itive evidence for this at the present time. Agglutinating activity has been 
related to an increased hemolytic titer of the fourth component of complement,°*?:®! 
but this finding is not generally accepted*:'? and Japanese workers believe ag- 
glutinating activity can be related to the first component of complement.!% 
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Vaughan'!® feels that the failure of AF to be adsorbed on the immune precipitates 
from the antisera of guinea pigs immunized with crvstalline egg albumin, whereas 
it is adsorbed by the same system prepared in rabbits, is evidence against its 
being hemolytic complement, this system being particularly active in comple- 
ment fixation. Serum levels of hemolytic complement are said to be elevated 
in some cases of rheumatoid arthritis’”':° but there is considerable dispute about 
this,®* and in any case positive agglutination tests cannot be correlated with serum 
complement levels. 

One further point deserves mention in elucidating the complex mechanics 
of this agglutination phenomenon, and that is that an inhibitor to agglutination, 
already mentioned as being in Cohn’s fraction IT of normal sera, and active both 
in vitro and in vivo®:'%5 is absent in rheumatoid arthritis, but not in ankylosing 
spondylitis, psoriatic arthritis, or related disorders, and its absence is of diagnostic 
significance in this disease.'*® 

The implications of all these observations are far from clear, and too much 
speculation would be unwise. AF has many features of an antibody to an antigen 
normally present in serum globulin and almost all antisera. It is probably not 
hemolytic complement, and may itself by immunologically complex and not a 
single antibody. Its action is inhibited or reversed by excess of its substrate and 
an inhibitor to it is normally present in gamma globulin, but is absent in rheu- 
matoid arthritis. If it is an antibody to a connective tissue component rendered 
antigenic by conjugation with a constituent of plasma globulin, why is it not 
adsorbed by globulin-sensitized erythrocytes, why do positive sera not give a 
positive antihuman globulin test; and why is its titer not reduced by steroids?! 

None of these questions have been answered. Heller believed AF to be a 
true antibody, and the globulin reactant used to elicit the reaction does so because 
of its structural affinity to an original sensitizing antigen—in other words it 
behaves as a sort of false antigen. But the clue to the pathogenesis of rheumatoid 
arthritis may lie in the absence, in this disease, of the agglutination inhibitor 
normally present. 

CONCLUSIONS 


Every theory of the cause of rheumatoid arthritis yet propounded lacks 
sufficient scientific evidence to make it generally acceptable, and the theories 
discussed here are no exception. And yet, in our present state of knowledge, 
they seem to be the concepts from which the answer will eventually most likely 
be derived. It seems clear that the answer to the problem can come only 
from combined research in the fields of clinical science—the planned study of 
disease and its phenomena in people who are ill; and basic science—the study 
of the structure and function of the fundamental connective tissues themselves. 
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IAGNOSIS of rheumatoid arthritis is easy to make in typical, severe cases, 

but in many of the less typical cases it is often difficult since there is no 
available proof of the diagnosis. Asa result there is little uniformity in the cases 
included in any series labeled rheumatoid arthritis.'_ Consequently, comparison 
of studies from one physician or clinic with those from another is difficult— 
whether the studies relate to prevalence, incidence, manifestations, course, 
treatment or other features of the disease. 

In order to obtain more uniformity in cases listed as rheumatoid arthritis, 
a committee of the American Rheumatism Association on diagnostic criteria 
was formed, with full realization that it would be very difficult to determine the 
limits of the diagnosis ‘“‘rheumatoid arthritis.’ In view of this difficulty, it 
seemed wise to classify rheumatoid arthritis in three categories—definite, proba- 
ble and possible. In the definite group there should be almost no question that 
every patient has rheumatoid arthritis and in the probable group the likelihood 
should be great that every patient has rheumatoid arthritis. These two groups 
should be used for any study or report of the characteristics, course and treat- 
possible”’ group, 
are much less rigid and, of necessity, some patients who do not have rheumatoid 
arthritis will be included in this category. Only by having liberal criteria in 


sé 


ment of rheumatoid arthritis. The criteria for the third, the 


this group, however, will it be possible to pick up early and atypical cases which 
can be followed profitably to learn more of the course and nature of the disease. 
The inclusion of patients who do not have rheumatoid arthritis will not be serious. 
Errors in diagnosis will become apparent as the patients in this category are 


followed, and at no time can this group be used for definite conclusions concern- 
ing the characteristics or treatment of rheumatoid arthritis. The criteria are 
designed not so much to aid a physician in making a diagnosis in an individual 
case, but rather to establish the findings necessary to allow inclusion of a patient 
in one or another of the categories. 
In selecting the individual criteria for use, it was at once apparent that 
many of the signs and symptoms of the disease are entirely non-specific and of 
Reprinted from the Bulletin on Rheumatic Diseases, December, 1956, by permission of the Arthri- 
tis and Rheumatism Foundation; the authors and the Editor. 
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no value in differential diagnosis and therefore not useful in allocation of patients 
to the categories. The majority of these non-specific findings are indications 
of the systemic involvement in the disease—as, for instance, fatigue, anorexia, 
fever, lymphadenopathy, anemia, leukocytosis or leukopenia. Others, indica- 
tive of musculoskeletal inflammation and its sequelae—tenosynovitis, muscle 
atrophy, skin atrophy—are also relatively non-specific and are not included. 
The final selection of appropriate criteria was made in the following manner. 
On the basis of the clinical experience of the members of the committee, a list 
was formed of all of the manifestations of rheumatoid arthritis which might 
have sufficient diagnostic value to be worthy of consideration. Data from the 
Pittsburgh Arthritis Study! were then examined to give indication of the diag- 
nostic value of the various manifestations. Finally, data were collected from 
a number of physicians particularly interested in rheumatic diseases in various 
sections of the United States and Canada.* Each physician was asked to select 
from his clinic or practice the most recent five cases of classical rheumatoid 
arthritis, five of probable rheumatoid arthritis, and five with no evidence of 
rheumatoid arthritis. On each case a detailed form was filled out from the 
record. In all, 332 suitable case reports were received from nineteen different 
cities. These were analyzed to give further information about the diagnostic 
value of the signs, symptoms, and laboratory tests, individually and in various 


combinations. 

The features that were shown, on the basis of these analyses, to be of too 
little value were eliminated. The following manifestations fall into this cate- 
gory: weight loss, vasomotor symptoms, paresthesias, splenomegaly, peri- 


carditis, myocarditis, pleurisy, reversal of the albumin/globulin ratio in the 
plasma and thickening of the palmar fascia. From the remaining criteria the 
manifestations shown to have the highest specificity were chosen as the criteria 
for the diagnosis of definite and probable rheumatoid arthritis. For the category 
of possible rheumatoid arthritis, characteristics with the highest sensitivity, 
with or without high specificity, were selected. From a study of the relation- 
ship between the number of major criteria and the diagnoses reported by the 
American Rheumatism Association physicians, it was concluded that five of 
the listed eleven criteria should be required for allocation of a patient to the 
category of ‘‘definite rheumatoid arthritis’ and that three be required for ‘‘proba- 
ble rheumatoid arthritis.” 

An attempt was made, as discussed above, to make the criteria for definite 
and probable rheumatoid arthritis rigid enough to be as sure as possible that 
all cases included have rheumatoid arthritis. This was essential since patients 
included in these categories will be used for study of the disease and often serve 
as a basis for statistical conclusions as to prevalence, incidence, characteristics, 
course and treatment. It is important, however, that the criteria not be so 
strict that only cases of great severity or long duration can be included. There- 
fore the duration required for allocation to these categories was made as short 
as possible (6 weeks and 4 weeks), but long enough to tend to exclude infectious 


*We wish to acknowledge the valuable contribution made by these physicians. 
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and traumatic arthritis and, in general, rheumatic fever. Also, as small a num- 
ber of joints was required as possible—only one, if other adequate clinical or 
laboratory evidence, such as characteristic histologic changes in synovial tissues 
or nodules, is present. 

The criteria as listed below need not be discussed individually. Morning 
stiffness may be either subjective or objective and vary from a feeling of stiffness 
to actual limitation of motion. By definition it disappears or decreases during 
the dav. It may persist for only a few minutes or last many hours. The evi- 
dence of joint involvement must be objective and must be observed by a phy- 
sician—though all observations need not necessarily be made by the same phy- 
sician. Emphasis should be laid on the fact that the swelling cannot be bony 
enlargement alone but must be soft tissue thickening or actual effusion. When 
two joints are not involved simultaneously, they may satisfy the criterion of 
involvement of more than one joint if there is no interval free of joint symptoms 
of more than three months. If the interval were longer the possibility of two 
separate types of joint disease being present would be greater. Symmetry of 
joint involvement is acceptable as a criterion in any joints except the terminal 
phalangeal joints. The latter are excluded to lessen the likelihood of false in- 
clusion of patients with the characteristic symmetrical terminal phalangeal 
joint involvement of degenerative joint disease. The presence of x-ray ab- 
normalities characteristic of degenerative joint disease will not satisfy the cri- 
terion but the presence of such x-ray changes will not exclude a patient from 
any of the categories of rheumatoid arthritis. It is important not to exclude a 
patient who has rheumatoid arthritis because he has also degenerative joint 
disease—an error that is commonly made. Uncomplicated degenerative joint 
disease is excluded, we hope, by the rigid criteria (soft tissue swelling, sym- 
metry—not limited to the terminal phalangeal joints, nodules and laboratory 
findings). Of the abnormalities in synovial fluid the nature of the mucin pre- 
cipitate is the most characteristic and most easily determined. Other abnor- 
malities, especially increased activity of aminotripeptidase or betaglucuronidase, 
will add weight to the diagnosis, but are not included as specific criteria. 

In all respects the criteria for possible rheumatoid arthritis are less strict. 
The required duration of symptoms is reduced to 3 weeks. A history, rather 
than observation, of joint swelling is adequate. Non-specific laboratory ab- 
normality such as elevated sedimentation rate, is acceptable. Iritis was included 
as a criterion because of the relative frequency with which rheumatoid arthritis 
is the cause. Pericarditis, myocarditis and pleurisy were omitted because they 
are more frequently due to other diseases than to rheumatoid arthritis, and would 
lead to false inclusion of many patients. 

Thus, the criteria were established. Since, however, similar combinations 
of findings occur in many other rheumatic diseases, the latter can be excluded 
only by specifically listing them as exclusions. In some cases it is possible that 
patients with one of these other diseases (for instance, one of the generalized 
connective tissue diseases other than rheumatoid arthritis or other rheumatic 
disease such as gout) may be thought to have rheumatoid arthritis also. For 
example, a patient with a history suggesting rheumatic fever and with physical 
findings of mitral and aortic valvular disease may also have a recent history and 
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findings of definite rheumatoid arthritis. In such a situation, however, it seems 
wisest not to include the patient in a study of rheumatoid arthritis but to classify 
him separately and compare as desired. On the other hand, patients with rheu- 
matoid spondylitis (x-ray changes in sacro-iliac joints or persistent limitation 
of motion of any region of the spine not due to another form of spinal disease) 
or with psoriasis, or with ulcerative colitis, or with onset under the age of 12, are 
to be included in the rheumatoid groups, if they satisfy the criteria, but should 
be listed separately and the results of studies pertaining to them be given sepa- 
rately. 

The exclusions may rule out a few cases of rheumatoid arthritis but this, we 
think, will rarely occur and will not be as serious as including more patients who 
do not have rheumatoid arthritis. The exclusions need not be discussed in de- 
tail—in general the clinical findings or picture are so well known there will be 
no questions. Some have questioned the L.E. cell exclusion. There is difference 
of opinion as to the specificity of this test. Some physicians think that one L.E. 
cell proves the diagnosis of disseminated lupus erythematosus, and rules out 
rheumatoid arthritis. Many others think that L.E. cells may be found in three 
to five per cent of rheumatoid patients. However, since all apparently agree 
that a high concentration of cells proves disseminated lupus, 4 cells in 2 smears 
with the heparin method incubated not over 2 hours are adequate to exclude a 
patient from the rheumatoid groups. 

The present criteria are as follows. 


DEFINITE RHEUMATOID ARTHRITIS 


This diagnosis requires 5 of the following criteria and total duration of joint 
symptoms must be at least 6 weeks. (Any one of the features listed under 
“Exclusions” will exclude a patient from this category.) 

1. Morning stiffness. 

2. Pain on motion or tenderness in at least one joint (observed by a phy- 


sician). 

3. Swelling (soft tissue thickening or fluid—not bony overgrowth alone) 
in at least one joint (observed by a physician). 

4. Swelling (observed by a physician) of at least one other joint (any inter- 
val free of joint symptoms between the two joint involvements may not be more 
than 3 months). 

5. Symmetrical joint swelling (observed by a physician) with simultaneous 
involvement of the same joint on both sides of the body (bilateral involvement 
of mid-phalangeal, metacarpophalangeal or metatarso-phalangeal joints is ac- 
ceptable without absolute symmetry). Terminal phalangeal joint involvement 
will not satisfy this criterion. 

6. Subcutaneous nodules (observed by a physician) over bony prominences, 
on extensor surfaces or in juxta-articular regions. 

7. X-ray changes typical of rheumatoid arthritis (which must include at 
least bony decalcification localized to or greatest around the involved joints and 
not just degenerative changes)—degenerative changes do not exclude patients 
from the group of rheumatoid arthritis. 
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8. Positive sheep cell agglutination (Rose and Ragan,‘ or Heller® test) 
or positive streptococcal agglutination test. 
9. Poor mucin precipitate from synovial fluid (with shreds and cloudy 


solution). 

10. Characteristic histologic changes in synovial membrane with 3 or more 
of the following: marked villous hypertrophy; proliferation of superficial 
synovial cells often with palisading; marked infiltration of chronic inflammatory 
cells (lymphocytes or plasma cells predominating) with tendency to form ‘‘lym- 
phoid nodules’’; deposition of compact fibrin, either on surface or interstitially; 


foci of cell necrosis. 

11. Characteristic histologic changes in nodules showing granulomatous 
foci with central zones of cell necrosis, surrounded by proliferated fixed cells, 
and peripheral fibrosis and chronic inflammatory cell infiltration, predominantly 
perivascular. 

PROBABLE RHEUMATOID ARTHRITIS 


This diagnosis requires 3 of the above criteria and total duration of joint 
symptoms must be at least 4 weeks. (Any one of the features listed under 
“Exclusions” will exclude a patient from this category.) 


POSSIBLE RHEUMATOID ARTHRITIS 


This diagnosis requires 2 of the following criteria and total duration of 
joint symptoms must be at least 3 weeks. (Any one of the features listed under 
‘“‘Exclusions’’ will exclude a patient from this category.) 

1. Morning stiffness. 

2. Tenderness or pain on motion (observed by a physician) with history 
of recurrence or persistence for 3 weeks. 

3. History or observation of joint swelling. 

4. Subcutaneous nodules (observed by a physician). 

5. Elevated sedimentation rate or C-reactive protein. 

Iritis. 
EXCLUSIONS 

1. The typical rash of disseminated lupus erythematosus (with butterfly 
distribution, follicle plugging and areas of atrophy). 

2. High concentration of lupus erythematosus cells (4 or more in 2 smears 
prepared from heparinized blood incubated not over 2 hours). 

3. Histologic evidence of periarteritis nodosa with segmental necrosis of 
arteries associated with nodular leukocytic infiltration extending perivascularly 
and tending to include many eosinophils. 

4. Weakness of neck, trunk and pharyngeal muscles or persistent muscle 
swelling of dermatomyositis. 

5. Definite scleroderma (not limited to the fingers). 

6. A clinical picture characteristic of rheumatic fever with migratory joint 
involvement and evidence of endocarditis, especially if accompanied by sub- 
cutaneous nodules or erythema marginatum or chorea. (An elevated anti- 
streptolysin titer will not rule out the diagnosis of rheumatoid arthritis.) 
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7. <A clinical picture characteristic of gouty arthritis with acute attacks of 
swelling, redness and pain in one or more joints, especially if relieved by col- 


chicine. 

8. Tophi. 

9. A clinical picture characteristic of acute infectious arthritis of bacterial 
or viral origin with: an acute focus of infection or in close association with a 
disease of known infectious origin; chills; fever; and an acute joint involvement, 
usually migratory initially, (especially if there are organisms in the joint fluid 
or response to antibiotic therapy). 

10. Tubercle bacilli in joints or histological evidence of joint tuberculosis. 

11. <A clinical picture characteristic of Retter’s syndrome with urethritis 
and conjunctivitis associated with acute joint involvement, usually migratory 
initially. 

12. A clinical picture characteristic of the shoulder-hand syndrome with 
unilateral involvement of shoulder and hand, with diffuse swelling of the hand 
followed by atrophy and contractures. 

13. A clinical picture characteristic of hypertrophic pulmonary osteoar- 
thropathy with clubbing of fingers and/or hypertrophic periostitis along the 
shafts of the long bones, especially if an intrapulmonary lesion is present. 

14. <A clinical picture characteristic of neuroarthropathy with condensation 
and destruction of bones of involved joints and with associated neurological 
findings. 

15. Homogentisic acid in the urine detectable grossly with alkalinization. 

16. Histological evidence of sarcotd or positive Kveim test. 

17. Multiple myeloma as evidenced by marked increase in plasma cells 
in the bone marrow, or Bence-Jones protein in the urine. 

18. Characteristic skin lesions of erythema nodosum. 

19. Leukemia or lymphoma with characteristic cells in peripheral blood, 
bone marrow or tissues. 

These tentative criteria are presented now for general use and evaluation. 
The necessity for changes to modify the criteria or clarify the statements will 
become apparent as they are used. The criteria should be officially reviewed 
within two years and revised as necessary. However, it is our hope that, even 
in the present form, they will aid in making it apparent to all, just what cases 
are included in any group of rheumatoid patients that is discussed or reported. 
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N 1933, Dublin’ stated ‘Statistics of sickness from rheumatism suffer from 

the defects of most morbidity statistics of diseases which are not required 
by law to be reported to public health officers; they are collected in specia! stud- 
ies at more or less frequent intervals over short periods of time, at different 
seasons, over small areas, or for relatively small populations, most of them se- 
lected and unrepresentative groups. The methods of collection of data are 
not uniform and the results are variously interpreted and often contradictory.” 
Since 1933, the prevalence of rheumatoid arthritis, which is the principal crippler 
among the rheumatic diseases, has been reported from a number of surveys in 
several countries (Table I). To date no adequate data have been presented 
from the United States. 

The several reports listed in Table I cannot be compared for the various 
reasons mentioned by Dublin. Perhaps the most important of these reasons 
is the almost uniform lack of any specified and reasonably reproducible criteria 
for the diagnosis of rheumatoid arthritis. The report by Miall" is the first to 
give proper attention to this most important aspect of any survey. 

The American Rheumatism Association has recently accepted a set of 
criteria for the diagnosis of rheumatoid arthritis.'® These criteria recognize 
a separation into definite, probable, and possible rheumatoid arthritis. They 
form the basis for classification in this report. 

It should be noted that no statistics from medical care organizations have 
been included in Table I. The reason for this is that another variable is intro- 
duced by the inclusion of such figures because a rather special type of prevalence, 
sometimes referred to as a time prevalence, is obtained from such data. The 
best way to explain the difference between the usual “‘point’’ prevalence and 
the ‘‘time’’ prevalence is to give an illustration. From Sweden, we have the 
report of Edstrém® that at the time of his survey (summer, 1943), 2 per cent of 
the population had rheumatoid arthritis that was recognizable by the staff of 
especially trained medical students that he sent into the areas selected for study. 


Publication No. 9 of the Pittsburgh Arthritis Study. Supported in part by Grant No. A-308 and 
in part by the Western Pennsylvania Chapter of the Arthritis and Rheumatism Foundation. 
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This is a point prevalence estimate. Quite different from this is the report by 
Bohman? that during the year 1943, 2.5 per cent of the population of Sweden 
sought medical treatment for rheumatoid arthritis. This isan annual prevalence. 
In addition, the count is not of the number of afflicted persons but rather of the 
number of afflicted persons who requested treatment, which is quite another 
matter. 

This report is concerned primarily with the point prevalence of rheumatoid 
arthritis as defined by the American Rheumatism Association.'® 


METHODS 


The details of the field procedures in the Pittsburgh Arthritis Study have 
been set forth in earlier papers in this series.*-> For present purposes it is suf- 
ficient to know that a stratified random sample of 798 individuals over 14 years 
of age from the Arsenal Health District of Pittsburgh was selected, using different 
sampling rates in the several strata. Ejighty-nine per cent of these individuals 
were interviewed and 60 per cent of them were examined. A comparison of 
the respondents for the examination with those who refused® has demonstrated 
a bias in favor of response by those giving an interview report of arthritis or one 
of its manifestations. Furthermore, study of the 478 individuals who were 
interviewed and examined has revealed that a set of three questions relating 
to arthritis and rheumatism, morning stiffness, and joint swelling forms a good 
index of rheumatoid arthritis'’ (sensitivity 66 per cent and specificity 95 per 
cent). In order to correct for the observed bias the material has been further 
poststratified on this index. 

The interviews and the examinations which included x-rays but no serologic 
tests were conducted during the period from May, 1953, through September, 
1954. The results of the examinations were recorded in great detail on a printed 
form so that in the summer of 1956, when the criteria for the diagnosis of rheu- 
matoid arthritis were fixed by the American Rheumatism Association, we were 
able to review the material in the light of these criteria and classify it accordingly. 

On completion of the first set of examinations, it was noted that there were 
223 persons who had reported morning stiffness or had had other indication of pos- 
sible rheumatoid arthritis. Further information was obtained on 88 per cent of 
these people approximately one year after their first examination. Sixty-eight per 
cent were re-examined in detail at the Health Center. Further x-rays were 
taken as indicated, blood was drawn for sedimentation rates, and a sample of 
serum was frozen for serologic studies. Sensitized sheep cell agglutination 
tests were performed in the laboratory of Dr. Charles Ragan by the method 
originally described by Rose and associates.'® As a result of this second exami- 
nation, additional cases were classified as rheumatoid arthritis. These are 


reported only in the discussion of annual prevalence. 


RESULTS 


In Table II are presented the point prevalence estimates for rheumatoid 
arthritis. The prevalence estimate of 0.7 per cent for definite rheumatoid ar- 
thritis is based on only 13 cases, and, therefore, cannot be considered very stable. 
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However, the estimate of 2.7 per cent of the population with probable or definite 
rheumatoid arthritis is rather more reliable. 


TABLE II. THE PREVALENCE OF RHEUMATOID ARTHRITIS (ARA DEFINITIONS) IN THE ARSENAL 
HEALTH District or PittsBuRGH, 1953-1954. RATES PER 100 
Persons 15 YEARS OF AGE AND OVER 


RATE PER 100 NUMBER OF 
PERSONS CASES 


Definite 13 
Probable + definite 30 
Possible + probable + definite sf 107 


Using consideration 13.2 in Cochran’s® test, we get an estimate that there are only 25 chances 
in 1,000 that the true value is below 1.2 per cent. Cochran’s consideration 13.3 does not seem 
to apply logically in considering the upper limit for we have been able to demonstrate that there 
is a tendency for the rheumatoids to be among the respondents rather than among the non- 
respondents. Therefore, the assumption that all of the nonrespondents might have rheumatoid 
arthritis seems foolish. We prefer to believe that there is only about 214 per cent chance that the 
true value exceeds 2.7+ 2S.E., i.e., 4.1 per cent. Weare aware of the imperfections of confidence 
interval estimation in this kind of situation, but present the results as a guide to those who might 
be tempted to make comparisons with data from other areas. 


The value of about 14 per cent for total rheumatoid arthritis may be sur- 
prising to some. However, when it is realized from studying the criteria that 


this is essentially a statement of the proportion of persons having morning stiff- 
ness and joint tenderness or pain on motion, it is perhaps less disturbing. 

The prevalence rates by sex are shown in Table III. It is admittedly 
foolish to subdivide the definite cases by sex for the estimates are certainly quite 
unstable. This has been done merely to emphasize the difference between this 
ratio of 2.5 women to 1 man, which is in line with usual clinical experience, and 
the extraordinarily high value that is obtained for probable rheumatoid arthritis. 


TABLE III. PREVALENCE BY SEX, AND SEX RATIOS, FOR RHEUMATOID ARTHRITIS (ARA 
DEFINITIONS) IN THE ARSENAL HEALTH DISTRICT OF PITTSBURGH, 1953-1954. 
RATES PER 100 Persons 15 YEARS OF AGE AND OLDER 


MALES FEMALES RATIO F/M 


Definite 
Probable 
Possible 


Detailed examination of the data suggests two reasons for this high sex ratio. 
The first is that a great deal of mild rheumatoid arthritis occurs among older 
women. This is in line with the experience of Kellgren and Lawrence” whose 
data on the age group 55 to 64 suggest a ratio of 11.5 women to 1 man for mild 
rheumatoid arthritis. The second factor likely to be operating here is the possi- 
bility that 0.2 per cent is an underestimate of the prevalence of probable rheu- 
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matoid arthritis in men, due simply to sampling variation. We are then inclined 
to believe that the true sex ratio for probable rheumatoid arthritis is high but 
that our estimate of 18.5 is too high. 

The effect of age on the prevalence of rheumatoid arthritis is shown in Fig. 
1. The most striking phenomenon is the rapid increase in total disease around 
the age of 25 years with relatively minor increases after that. The second point 
of interest about this diagram is that at least part of the increase with advancing 
age of probable plus definite disease seems to be at the expense of possible dis- 
ease. The implication of this finding will be discussed below. The data are 
too meager to subdivide further by sex, but one gains the impression that the 
general shape of the age specific curves for the two sexes is the same, though 
the biggest increase for women comes in the forties and fifties and the biggest 
increase for men comes after the age of 65. 


AGE GROUP LEGEND 


POSSIBLE RA 
RR = PROBABLE *DEFINITE RA 


i¢ is 20 
PREVALENCE PER 100 PERSONS OVER 14 YEARS OF AGE 


Fig. 1.—The prevalence of rheumatoid arthritis in Pittsburgh by age. 


Routine analysis of morbidity data is often performed according to age, 
sex, and race. In the sample studied there are too few nonwhite persons to 
permit any analyses by race. However, we have analyzed this material on 
another basic human variable, namely marital status. The results are pre- 
sented in Table IV. The differences between the rates for the single, the married, 
and those whose marriage has been terminated by separation, divorce, or death 
suggest that this is an area worthy of further study. Clearly these numbers 
are small, but they are supported by interview information which is not ap- 
propriately reported at this time. Furthermore, Lewis-Faning™ has observed 
a somewhat similar phenomenon in England. It is interesting to note that 
both our material and that of Lewis-Faning suggest that this is more important 
for men than for women. 

Up to now we have spoken only of point prevalence. As noted above, 
those with morning stiffness or otherwise suspect of rheumatoid arthritis were 
examined a second time for further evaluation. In so far as possible the second 
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examinations were performed about twelve months after the first. As a result 
it can be said that on performance of two examinations in a period of twelve 
months the rate for probable and definite rheumatoid arthritis is nearly doubled, 
going up to 5.1 per cent. This is not due to the use of the serologic test on the 
second examination for there was only one positive test found. 


TABLE IV. THE PREVALENCE OF PROBABLE PLUS DEFINITE RHEUMATOID ARTHRITIS (ARA 
DEFINITIONS) IN THE ARSENAL HEALTH District oF PittsBurGH, 1953-1954 
BY MARITAL STATUS. RATES PER 100 PERsoNs 15 YEARS OF AGE 
AND OLDER, ADJUSTED FOR AGE AND SEX 
: ——— 
PER CENT WITH | NUMBER OF 
CASES 


Married 
Marriage terminated 


We are not willing to hazard a guess as to the value of the true annual 
prevalence of the disease which should be based on three, four, or even six exami- 
nations in a year. We can say, however, that we are confident that in the 
Arsenal Health District of Pittsburgh at least 5 per cent of persons over 14 years 
of age have, in any given year, an attack of rheumatism that would meet the 
American Rheumatism Association criteria for probable or definite rheumatoid 
arthritis. 

DISCUSSION 


From the age and sex specific data come some suggestions about the nature 
of rheumatoid arthritis. First, the shape of the curve for prevalence by age 
suggest that something fundamental takes place in the early twenties. This 
might be either physiologic or environmental. This is, of course, the beginning 
of the child-bearing period for most women and we know that rheumatoid ar- 
thritis may have its onset during the post partum period. No such obvious 
physiologic changes are taking place in the male during this period, and yet 
the shape of the age specific curve is, as nearly as we can determine from our 
limited data, about the same for men and women. One might then ask if per- 
haps the important social changes of emancipation from parents and the as- 
sumption of family, community, and job responsibilities which usually take 
place during this period may have something to do with this striking phenomenon. 
Support for such a notion is found in the data on marital status wherein it is 
suggested that those who do not assume family responsibilities have less rheu- 
matoid arthritis than those who marry. 

There is one further point that should be discussed, namely, the observation 
that possible rheumatoid arthritis reaches its peak prevalence about the age of 30 
and seems to decrease after that. Though the prevalence estimates for the indi- 
vidual age groups are not based on as many cases as might be desirable, the 
trend would suggest that the definition of possible rheumatoid arthritis is valid 
for it is possible to interpret the data as suggesting that the more severe forms 
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of the disease are, at least in part, drawn from the population of persons who 
have possible disease at the age of 30. This needs to be further investigated 
by long-term follow-up studies, for the fact that age and sex have little influence 
on the prevalence of possible rheumatoid arthritis after the age of 25 years, 
while they have considerable effect on probable and definite disease, raises the 
converse suggestion that these might be two separate diseases. 

The findings reported here raise more questions than they answer. It is 
hoped that this report will stimulate further research on the prevalence and 
incidence of rheumatoid arthritis as thev relate to such simple variables as age, 
sex, and marital status, and also more complex variables including psychologic, 


social, and cultural factors. 


SUMMARY AND CONCLUSIONS 


1. It is estimated that the prevalence of probable plus definite rheumatoid 
arthritis (ARA definitions) in the Arsenal Health District of Pittsburgh is approxi- 
mately 2.7 per cent of the total population over 14 years of age. The specific 
rates increase with age and are higher for women than men. A further 11 per cent 
of this same group meet the criteria for possible rheumatoid arthritis. The age 
specific rates for this category show an abrupt rise in the twenties to a maximum 


in the thirties which is followed by a gradual fall. 

2. It is estimated that at least 5 per cent of the persons over 14 years of 
age in the Arsenal Health District of Pittsburgh have each year an attack of 
rheumatism that would meet the American Rheumatism Association criteria 


for probable rheumatoid arthritis. 

3. At the present time it is not appropriate to make geographic compari- 
sons based on the studies reported from various countries nor is it justified to 
assume that the rates observed for the Arsenal Health District of Pittsburgh 
are applicable to other parts of the United States. 

4. The evidence with regard to the effect of marital state on the prevalence 
of this disease suggests further investigation of cultural, social, and psychologic 


factors that might be related to the disease. 


REFERENCES 


Blécourt, de J. J.: Screening of the Population for Rheumatic Diseases, Ann. Rheumat. 
Dis. 13:338, 1954. 

Bohman, F.: The Social Importance of Rheumatic Diseases in Sweden, Acta med. scan- 
dinav. 132:150, 1948. 

Cobb, S., Thompson, D. J., Rosenbaum, J., Warren, J. E., and Merchant, W. R.: On the 
Measurement of Prevalence of Arthritis and Rheumatism from Interview Data, J. 
Curon. Dis. 3:134, 1956. 

Cobb, S., and Rosenbaum, J.: A Comparison of Specific Symptom Data Obtained by 
Non-medical Interviewers and by Physicians, J. CHron. Dts. 4:245, 1956. 

Cobb, S., King, S., and Chen, E.: Differences Between Respondents and Nonrespondents 
in a Morbidity Survey Involving Clinical Examinations, J. CHron. Dts. (In press.) 

Cochran, W. G.: Sampling Techniques, New York, 1953, John Wiley & Sons, Inc. 

Dublin, L. I., in Wyatt, B. L.: Chronic Arthritis and Fibrositis, Diagnosis and Treatment, 
Baltimore, 1933, William Wood & Company. 

Edstrém, G.: The Frequency of Rheumatic Diseases in Sweden, Upsala Lakarenforen. 
Forhandl. 49:303, 1944. Translation by Stig Holmquist available in library of Grad- 
uate School of Public Health, University of Pittsburgh. 

Ehrstrém, M. C.: Medical Studies in North Greenland, 1948-1949. V. Rheumatic Diseases. 
Comparative Investigation of the Incidence, Acta med. scandinav. 140:412, 1951. 


eee 5 ESTIMATE OF PREVALENCE 643 


10. 
lag 
BZ. 
0 
14. 
ES. 
16. 


ET: 
18. 


Holsti, O., and Rantasola, V.: On the Occurrence of Arthritis in Finland, Acta med. scan- 
dinav. 88:180, 1936. 

Kellgren, J. H., Lawrence, J. S., and Aitken-Swan, J.: Rheumatic Complaints in an Urban 
Population, Ann. Rheumat. Dis. 12:5, 1953. 

Kellgren, J. H., and Lawrence, J. S.: Rheumatoid Arthritis in a Population Sample, Ann. 
Rheumat. Dis. 15:1, 1956. 

Lewis-Faning, E.: Report on an Enquiry Into the Aetiological Factors Associated With 
Rheumatoid Arthritis, Ann. Rheumat. Dis. (Suppl.) 9:1, 1950. 

Miall, W. E.: Rheumatoid Arthritis in Males; An Epidemiological Study of a Welsh Mining 
Community, Ann. Rheumat. Dis. 14:150, 1955. 

Proposed Diagnostic Criteria for Rheumatoid Arthritis, Report of a Study Conducted by 
a Committee of the American Rheumatism Association, J. CHron. Dis. 5:630 ,1957. 

Rose, H. M., Ragan, C., Pearce, E.,and Lipman M.O.: Differential Agglutination of Normal 
and Sensitized Sheep Erythrocytes by Sera of Patients With Rheumatoid Arthritis, 
Proc. Soc. Exper. Biol. & Med. 68:1, 1948. 

Rubin, T., Rosenbaum, J., and Cobb, S.: The Use of Interview Data for the Detection 
of Associations in Field Studies, J. CHron. Dis. 4:253, 1956. 

Sitaj, S., Straka, L., Niepel, G.: The Occurrence of Rheumatic Diseases on the Basis of an 
Examination of the Population as a Whole, Bratisl. Lek. Listy. 34:612, 1954. Trans- 
lation by Z. Hrubec available in the library of the Graduate School of Public Health, 
University of Pittsburgh. 


THE AGGLUTINATION REACTION IN RHEUMATOID ARTHRITIS 


Morris Z1FF, Pu.D., M.D. 
NEw York, N. Y. 


From the Study Group on Rheumatic Diseases, and the Department of Medicine, New York University 
College of Medicine 


(Received for publication Feb. 5, 1957.) 


oe E capacity of the serum of patients with rheumatoid arthritis to agglu- 
tinate sensitized particulate bodies has been demonstrated with bacteria, 
erythrocytes, collodion particles, and latex particles. This property is probably 
dependent in all instances on the presence in the serum of the same factor (or 
perhaps closely related factors), the presence of which is, with certain uncommon 
exceptions, unique to the serum of patients with rheumatoid arthritis. It is 
rarely found in other arthritides which closely resemble rheumatoid arthritis 
both clinically and pathologically, and its concentration in rheumatoid serum is 
largely uninfluenced by the activity of the disease. By sensitive methods, it 
has been possible to demonstrate this factor in almost all patients with rheuma- 
toid arthritis. Thus, the elaboration of a ‘‘rheumatoid factor’ appears in some 
unknown, but, nevertheless, fundamental manner, to be related to the rheuma- 
toid process. It has received increasing study in recent years not only as a diag- 
nostic aid, but more importantly as a possible clue to information about the 


etiology and pathogenesis of the disease. 


EARLY AGGLUTINATION SYSTEMS 


Streptococcal A gglutination.—Agglutination by sera of patients with rheu- 
matoid arthritis was first observed in 1930 when Cecil, Nicholls, and Stainsby! 
reported that such sera agglutinated certain strains of streptococci. It was 
subsequently shown that group A hemolytic streptococci were agglutinated in 
higher titer than were other strains tested.* In addition to group A strepto- 
cocci, however, nonencapsulated pneumococci,’ enterococci,> and Staphylo- 
The diversity of organisms which were 


coccus aureus® were also agglutinated. 
agglutinated suggested that the agglutinating activity of rheumatoid sera was 
not due to specific bacterial agglutinins but rather to a nonspecific agglutinating 
factor. 

Although some investigators studied the agglutination of hemolytic strep- 
tococci as a diagnostic procedure for rheumatoid arthritis with encouraging 
results,’’® this test has not proved to be generally useful. The need to work 


The author wishes to acknowledge the contributions of Ina Rubenstein, B.A., in the compilation 
of the data and preparation of the manuscript. 
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with a number of strains of streptococci simultaneously, the occurrence of doubt- 
ful agglutination, and the necessity for rigid controls made the procedure tech- 
nically difficult. This, combined with a low incidence of positive tests, i.e., of 
the order of 50 per cent,°- has resulted in abandonment of this procedure gen- 


erally. 

Collodion Particle A gglutination.—In 1946, Wallis'®:"4 observed that a number 
of rheumatoid sera agglutinated not only hemolytic streptococci and pneumo- 
cocci, but also collodion particles. This was not true of most normal sera tested. 
A relationship between collodion particle agglutination and streptococcal agglu- 
tination was demonstrated by the fact that the agglutinating activity of rheuma- 
toid sera toward the collodion particle was consistently reduced by prior absorp- 
tion with the hemolytic streptococcus. Similarly, the agglutination titer against 
the streptococcus was reduced by absorption with collodion particles. The 
significance of this work lies in the fact that it emphasized the nonspecificity of 
the particulate body in the agglutinating system and stimulated later attempts 
to use other inert particles to carry out the agglutination reaction. 


HEMAGGLUTINATION 


Differential Agglutination Test—In 1912, Dean'® demonstrated that the 
globulin fraction of normal guinea pig serum contained a thermostable substance 
which agglutinated sheep erythrocytes sensitized with small amounts of homol- 
ogous amboceptor (rabbit anti-sheep cell serum). 

Although the capacity of certain human sera to agglutinatered blood cells 


sensitized with homologous amboceptor had been previously reported,'® it was 
Waaler who, in 1940, first called attention to the capacity of rheumatoid sera 
In the course of routine studies of comple- 
ment fixation, Waaler'’ found that it was possible to effect a marked increase in 
the agglutinating titer of rabbit amboceptor for sheep cells by addition of a 
small amount of rheumatoid serum. He found ‘‘agglutination activating activ- 
’’’ in 35 per cent of rheumatoid sera tested, while control sera had only weak 


to agglutinate sensitized red cells. 


ity 
activity (Table I). 

In 1948, attention was again drawn to the hemagglutination phenomenon 
by Rose, Ragan, Pearce, and Lipman.'® Their work marked the beginning of 
efforts to utilize agglutination of sensitized red cells as a diagnostic procedure. 
Sera were heated to inactivate complement, which would interfere by inducing 
hemolysis in the presence of amboceptor. Sheep cells were sensitized with a 
subagglutinating dose of amboceptor, and sera then tested in dilution against 
the sensitized cells. 

Human serum contains a heterophile antibody which agglutinates sheep 
cells.'° To correct for the presence of this antibody, the titer of test sera against 
unsensitized cells was also determined and the result of the test recorded as the 
quotient of the titers against sensitized cells and unsensitized cells. When this 
differential titer was 16 or greater, the test was regarded as positive. By this 
procedure, between 30 and 65 per cent of patients with peripheral rheumatoid 
arthritis have given positive tests®!7:!8.*-?8 (Table I). 
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It should be pointed out that the type of sensitization used by the investi- 
gators listed in Table I varied greatly. In some cases it was based on the hemo- 
lytic titer of the amboceptor and in others on the agglutinating titer. Use of 
the hemolytic titer of amboceptor has not been as satisfactory as that of the 
agglutinating titer, since hemolysis plays no part in the reaction, and the hemo- 
lytic titer is not necessarily related directly to the agglutination titer.2°?! In 
later procedures to be described, the more logical practice of basing the dilution 
of amboceptor on its agglutinating titer was adopted. 


TABLE I. RESULTS OF DIFFERENTIAL SHEEP CELL AGGLUTINATION TEST IN RHEUMATOID AND 
CONTROL SUBJECTS 


RHEUMATOID ARTHRITIS CONTROLS* 


AUTHOR 
NUMBER OF PER CENT NUMBER OF PER CENT 
ACTIVITY PATIENTS POSITIVE PATIENTS | POSITIVE 


Waaler!? a 202t 4.9 
1940 


Rose et al.'8 Active 2 67 
1948 Inactive 


Brown et al.?® Active ; 83 
1949 Inactive 


Sulkin et al.” t 3! 113 
1949 


Miller et al. Active 
1949 


Jawetz and Hook* Active 
1949 Inactive 

Wager® t 5 1049 
1950 

Scott?® 
1952 


*Includes normal individuals and patients with both rheumatic and nonrheumatic diseases. 
t+Activity not specified. 

tDoes not include patients with joint involvement. 

§Includes mainly patients with joint involvement. 


Modified Sheep Cell Agglutination Test.—The relatively low incidence of 
positive tests, especially in early cases® and in mild cases*.*3 led to disappoint- 
ment in the Waaler-Rose test as a diagnostic procedure. Efforts were soon made 
to simplify the method and increase its sensitivity. Jawetz and Hook” at- 
tempted to absorb the heterophile antibody using beef erythrocytes or guinea pig 
kidney. Subsequently, Heller, Jacobson, and Kolodny,?’ Ball,?® and Svartz*® 
introduced the modification of absorbing heterophile antibody with packed 
sheep erythrocytes. Thus, it became possible to dispense with differential agglu- 


tination, the titer being read directly against sensitized cells. 
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It was found by Heller and co-workers?’ that sera of 94 per cent of patients 
with active peripheral rheumatoid arthritis (Table II) and 70 per cent of an 
over-all group of active and inactive patients showed significant titers. Similar 
results were reported by Svartz and Schlossmann?**° and Alexander and de 
Forest.*! Ball?* 82 concluded, however, that the modified test was not as sensitive 
as found by previous investigators. On the basis of tests in 642 patients with 
rheumatoid arthritis, he found that only 48 per cent of the active cases and 
25 per cent of the inactive cases gave positive tests. In 1,301 control cases, 
positive results were obtained in 2.5 per cent (Table [1). 


TABLE II. RESULTS OF SENSITIZED SHEEP CELL AGGLUTINATION TEST ON ABSORBED SERA IN 
RHEUMATOID AND CONTROL SUBJECTS 


RHEUMATOID ARTHRITIS CONTROLS* 


AUTHOR 
NUMBER OF PER CENT NUMBER OF PER CENT 
PATIENTS POSITIVE PATIENTS POSITIVE 


Heller et al.?? 31 (Active) 111 
1949 15 (Inact.) 


Pike et al.% 159 98 
1950 

Hobson and Gorill*® 67 
1952 

Winblad?? 
1952 


Svartz and Schlossmann* 
1952 


Ball* 
1952 


de Forest et al.*8 
1956 


*Includes normal individuals and patients with both rheumatic and nonrheumatic diseases. 
tincludes only patients without joint or musculoskeletal involvement. 


Several groups have compared the differential and modified agglutination 
tests in the same patients. It was found by Heller?’ that 11 of 39 patients in 
whom the Waaler-Rose test was negative gave positive results by the modified 
method. No sera were encountered in which the Waaler-Rose test was positive 
and the modified test negative. Pike, Sulkin and Coggeshall,*® and Scott?® have 
also reported increases in sensitivity with the modified test. 

Animal Serum Potentiated A gglutination.—In 1952, Heller and co-workers*! 
and Winblad?! showed that the addition of certain animal sera to rheumatoid 
serum resulted in a potentiation of the agglutinating activity of the rheumatoid 
serum. The most potent animal serum in this respect was sheep serum. Accord- 
ingly, test sera were diluted with saline on the one hand, and dilute sheep serum 
on the other, and added to lightly sensitized sheep erythrocytes. It was found 
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that 85 per cent of the rheumatoid sera tested showed a fourfold or greater in- 
crease in titer when diluted with sheep serum diluent instead of saline, while only 
1.6 per cent of control sera did the same.** An increase in titer of this magni- 
tude was adopted as evidence of a positive test (S.E.A. test, Table III). Ina 
later publication, Jacobson and associates® found a smaller incidence of posi- 
tive results using this method, reporting positive results in 62 per cent of 331 
patients with rheumatoid arthritis. 


TABLE III. REsuLTs oF RECENT MODIFICATIONS OF THE AGGLUTINATION TEST IN RHEUMATOID 
AND CONTROL SERA 


| NUMBER lee CENT| NUMBER |PER CENT 
| PATIENTS | POSITIVE] PATIENTS | POSITIVE 


| 


Heller et al.*4 S.E.A. | 245 


1952 


RTD. ARTHRITIS CONTROLS* 


AUTHOR 


Svartz and Schlossmann*® 
1954 


Jacobson et al.* 
1956 

Ziff et al.37-5 Euglobulin agglutination | 
1956 Euglobulin inhibition 


Hess*® Euglobulin fraction 
1956 

Craig et al. Euglobulin fraction 
1956 


Plotz and Singer*® Latex particle 
1956 


*Includes normal individuals and patients with rheumatic and nonrheumatic diseases. 
+Does not include patients with joint involvement. 


Animal serum potentiation, though of considerable interest from a theo- 
retical point of view, did not provide a significant advance in sensitivity. It had 
the additional disadvantage of requiring two sets of dilutions, and also intro- 
duced a new variable into the procedure in the form of an animal serum diluent. 

Agglutination Tests on the Globulin Fraction—Recently three groups have 
carried out the sensitized sheep cell agglutination test on globulin fractions.**-*8 
Svartz and Schlossmann*® utilized the cold globulin fraction of serum, prepared 
by diluting the absorbed serum with 14 volumes of water and allowing it to stand 
in the cold. The agglutination titer of the cold precipitable fraction was then 
determined by standard techniques. A significant titer was reported in 95 per 
cent of patients with rheumatoid arthritis. 

The euglobulin fraction of serum has been tested by Ziff and associates*’ 
(Table III). This fraction was prepared by dialysis against dilute citrate- 
phosphate buffer at pH 5.8 and tested for agglutinating activity against sheep 
cells sensitized in the usual manner with amboceptor, but to a relatively high 
degree, i.e., one-half the basic agglutinating titer (B.A.T.). About 90 per cent 
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of patients with rheumatoid arthritis showed significant agglutinating activity. 
This has recently been confirmed by Hess.*® The incidence of positive tests 
carried out simultaneously*’ on whole serum by the procedure of Heller and his 
co-workers* and by a modified Waaler-Rose technique,* and on the cold globulin 
fraction®* was smaller. 

In nonrheumatoid patients, the incidence of false positive tests in one series, 
using the euglobulin fraction, was 1.9 per cent.*7 Using whole serum, however, 
at the high degree of sensitization employed (14 B.A.T.), there were 13 per cent 
false positive tests in the same patients. The same incidence of false positive 
tests with whole serum was observed by Hobson and Gorill*® at this level of sen- 
sitization (Table II), and an even higher percentage was noted by Bernstock, 
Bedson, and Glyn.‘! It appeared, therefore, that testing of the euglobulin frac- 
tion made it possible, by sensitizing strongly, to obtain an increase in sensitiv- 
ity without increasing false positive reactions. This would suggest that precipi- 
tation of euglobulin eliminated a factor present, at least in some nonrheumatoid 
sera, in sufficient concentration to agglutinate highly sensitized sheep erythro- 
cytes. 

Craig, Kerby, and Persons*’ have precipitated the euglobulin fraction rapidly 
by dilution of serum with.nine volumes of 0.0027 N hydrochloric acid according 
to the method of Erickson and co-workers.” The resulting precipitate was tested 
as described by Ziff and co-workers.*” Eighty-six per cent of 151 patients with 
unequivocal rheumatoid arthritis and one per cent of control subjects with no 
evident joint disease gave positive tests. 


Ziff and his associates*’ have studied the inhibition of agglutination of sensi- 
tized sheep cells by the euglobulin fraction, and described a sensitive procedure, 
which will be discussed below, for detecting the presence of the agglutinating 
factor. 


F II Test.—Winblad*! observed that diluted rabbit serum added to a system 
containing sensitized sheep cells and rheumatoid serum inhibited agglutination at 
carefully adjusted concentrations of rabbit serum and sensitizing amboceptor. 
Subsequently Heller and co-workers established that some human sera exerted 
the same effect. The inhibitory substance was found to be present entirely ir 
fraction II, the gamma globulin fraction. It was postulated that the gamma 
globulin had an affinity for the rheumatoid factor and inhibited agglutination by 
engaging in competition with the sensitized sheep cel! for this factor. This sug- 
gested that a test might be developed on the basis of the affinity of human gamma 
globulin for the rheumatoid factor using fraction II as the sensitizing agent. Ac- 
cordingly, sheep red cells were treated with a dilute solution of tannic acid by the 
method of Boyden,* thus rendering them capable of adsorbing gamma globulin. 
The fraction II solution used for sensitization in this procedure was prepared 
from the lyophilized powder derived from pooled human plasma. The test was 
read from the patterns of the agglutinated cells, following incubation with diluted 
serum samples. The incidence of positive tests in patients with rheumatoid 
arthritis was 69 per cent.*® 

The F II test has the advantages that the reagents are readily standardized, 
and that agglutination is easily read. When the test is positive, the titer is usu- 
ally high so that accurate determination of the end point of agglutination is 
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not critical. It is necessary, however, that sera be inactivated and absorbed as 
in earlier procedures. Actual testing, following absorption, takes two days and 
the results are read on the third day. The F II test has not provided the in- 
creased sensitivity so sorely needed for diagnosis; nevertheless, for clinical screen- 
ing it has proved to be a practical and reliable procedure within the limits of its 
sensitivity. 

LATEX PARTICLE FIXATION TEST 

The demonstration that sheep erythrocytes treated with tannic acid could 
be sensitized by human gamma globulin suggested that an essential feature of 
the agglutination phenomenon was a reaction between a constituent of the gamma 
globulin adsorbed on the cell surface and the rheumatoid factor. Accordingly, 
Singer and Plotz* investigated the agglutination of polystyrene latex particles 
in the presence of human gamma globulin. A fine suspension of latex particles was 
made up in a buffered saline solution of lyophilized human gamma globulin and 
the mixture was added to dilutions of rheumatoid serum. Following a short 
incubation period and centrifugation, the resultant visible agglutination was read 
with the naked eye. 

This procedure dispenses with heat inactivation and the laborious process of 
absorption of test sera. When sera are positive, titers are usually high, as in 
the F II test, so that the reading of the end point of agglutination is not critical. 
The entire procedure may be carried out in a matter of hours. 

Plotz and Singer*® have obtained positive results in 71 per cent of patients 
with rheumatoid arthritis. A sizable portion of the rheumatoid group, there- 
fore, did not give a positive test by this procedure. This method has not yet 
been evaluated in other laboratories, but preliminary indications are that the 
latex procedure will offer a simple and rapid method for clinical screening. 


INHIBITION TEST 


Ziff and associates*’ observed that when the euglobulin fraction of non- 
rheumatoid sera was added to a properly diluted known positive rheumatoid 
serum, agglutination was inhibited, but when the same fraction from rheumatoid 
sera was added, agglutination was not inhibited. The data obtained indicated 
that, while the euglobulin fraction of all sera contained an inhibitory substance, 
this fraction of rheumatoid sera contained both the agglutinating and inhibit- 
ing factors. Thus, while the inhibitory globulin precipitated from nonrheumatoid 
sera was free to block agglutination, that obtained from rheumatoid sera was not 
free to do so because of the neutralizing effect of the rheumatoid factor precipi- 
tated with it. The failure of the euglobulin fraction to inhibit agglutination, 
therefore, signified the presence of the rheumatoid factor in the serum being 
tested. 

The known positive serum to be inhibited was titered against a lightly sensi- 
tized sheep cell suspension, and a concentration four times greater than that 
present at the end point of agglutination was taken for the test. The euglobu- 
lin fraction of sera being tested was obtained by dialysis, dissolved in a volume 
of neutral buffer equivalent to the volume of serum from which it had been precipi- 
tated, and added in dilutions to the known positive serum. Inhibition of aggluti- 
nation by nonrheumatoid euglobulin was usually observed in dilutions of 1:14 or 
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greater. Absence of inhibition in a dilution of 1:14 or greater was considered 
as evidence of the presence of the rheumatoid factor. 

When 127 patients in varying stages of adult peripheral rheumatoid arthri- 
tis were tested in this way, 98 per cent gave positive tests (Table III). The 
incidence of positive results in a series of patients with other diseases, including 
other arthritides, was 4 per cent. 

The inhibition method, though technically difficult, is a sensitive technique 
for demonstrating the presence of the rheumatoid factor. Its sensitivity is based 
upon the fact that amounts of rheumatoid factor which are not adequate to be 
demonstrated in a direct agglutination test are sufficient, under the test conditions 
used, to neutralize the quantity of inhibitor present in the euglobulin fraction. 
Though difficult to adapt for routine use, it has proved valuable for investigative 
purposes. 


HEMAGGLUTINATION AND ASPECTS OF RHEUMATOID ARTHRITIS 


Though it is well established that the rheumatoid factor does not vary in 
concentration with the lability of an acute phase reactant, interest has centered 
on the relation of its titer to a number of aspects of rheumatoid arthritis. In 
a disease in which the diagnosis is uncertain in the early stages, and of necessity 
based on clinical impression alone, it is difficult to relate results of a laboratory 
test to actual presence of the disease or its status. Since the incidence of posi- 
tive tests has been higher in cases of more advanced disease than in early, bor- 
derline, or atypical cases, one may well suspect that, at least in part, this higher 
incidence is due to increased certainty of diagnosis rather than to progression of 
the disease with time. It must be accepted, also, that the apparent differences 
in sensitivity of various agglutination procedures as diagnostic aids are depen- 
dent to a considerable degree on the inclination of the investigator either to 
accept or reject the diagnosis of rheumatoid arthritis in individual cases. It 
is in the light of these problems that the information to be presented should be 
considered. 

Relation to Activity of Disease—Numerous investigators have concluded, on 
the basis of limited data, that the incidence of positive tests is higher in patients 
with active disease than in those in remission.?:!8.??.24,27,32,40,47 Tn @ recent 
paper, de Forest, Mucci, and Boisvert** reported that the hemagglutination test 
became negative in 10 of 15 patients who experienced ‘dramatic Grade I clinical 
remissions.” 

Scott,2 on the other hand, concluded from a careful analysis of his data 
that there was nostatistically significant relation between titer and activity. 
When repeated serum specimens from 54 patients with rheumatoid arthritis were 
examined by Pike and co-workers‘? over periods up to 29 months, there was no 
apparent relationship between changes in clinical symptoms and variation in the 
titer. In the majority of the patients the titer remained unchanged. Similar 
findings have been reported by Ball®? and Alexander and de Forest.*! 

On the basis of available data, it appears, therefore, that the relation of 
agglutination titer to activity is not established. The number of cases studied 
in most reports has been small, the criteria of activity not clearly defined, and 
often not distinguished from severity and functional disability. The incidence 
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of positive tests in inactive patients has been sufficiently high, furthermore, to 
make it doubtful that there is a direct relationship to activity. It has been a 
failing of most studies of the relationship of various clinical aspects of the disease 
to agglutination titer that conclusions have been based on procedures of low 
sensitivity, unspecified reproducibility, and inherently subject to a one-tube or 
100 per cent error of reading. 

Effect of Duration and Progression of Disease-—Four groups®:?:?: have 
found that the incidence of positive tests increases with duration, but this has 
not been substantiated by four others.*®.7°.47-49 The problem of accuracy of diag- 
nosis is almost certainly a factor in this divergence of findings. 

There are numerous reports of positive tests early in the disease. In fact, 
Jacobson and colleagues* cite two cases in which a positive test was obtained on 
the day of onset of the disease in acute form. The author has observed a positive 
test as early as three weeks after onset; furthermore, 11 of 12 patients studied in 
the author’s clinic in the first six months of their disease gave positive results by 
the direct euglobulin test, and all gave positive results by the test for inhibi- 
tion.*75* Hess,®* using the euglobulin fraction for agglutination, has also reported 
a high incidence of positive tests in cases of less than six months’ duration. 
Ball, using the modified Waaler-Rose procedure, found that 40 per cent of pa- 
tients in the first six months of their disease gave positive tests. 

Relation to Erythrocyte Sedimentation Rate-——Though it is accepted that the 
level of the rheumatoid factor does not reflect the inflammatory status in the 
manner of an acute phase reactant, opinions differ as to whether the hemagglu- 
tination titer shows a correlation with the erythrocyte sedimentation rate. No 
correlation was found by five groups of investigators.?'*.?632 Wager®> and 
Winblad,*? on the other hand, have reported a correlation. This was not con- 
sistent in individual cases, however, according to Wager, since the titer was some- 
times high in cases with a normal sedimentation rate and vice versa. 

Relation to Stage of Disease, Functional Capacity, and X-ray Changes.—Al- 
though the relationship of titer to duration of disease is, as mentioned above, 
not clear-cut, it has, nevertheless, been the common experience that the highest 
titers tend to occur in the sera of patients whose disease is most pronounced. 
Jacobson and associates, using both the potentiated serum agglutination test 
and the F II test, found that patients in Stage I or Class I of the Steinbrocker 
classification®® showed a lower incidence of positive tests than patients in more 
advanced stages or with greater limitation of function. It was observed by 
Heller’s group?’ that the sheep cell test was most frequently positive in patients 
who had x-ray evidence of small joint involvement, and tended to be negative 
in patients in whom the x-rays showed no joint involvement. Similarly, Ball* 
has reported that whereas 55 per cent of patients with advanced x-ray changes 
gave positive tests, only 21 per cent of patients with normal x-ray findings did so. 

Relation to Subcutaneous Nodules.—The strikingly increased incidence of 
positive tests in patients with subcutaneous nodules was first pointed out by 
Ball.” Seventy-eight per cent of his patients with nodules gave positive tests 
as compared to 39 per cent without. Jacobson and others* found that well over 
90 per cent of patients with nodules gave positive tests. It was distinctly un- 
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usual for these authors to obtain a negative reaction in a patient with nodule 
formation regardless of the apparent stage of the disease. 

Relation to Sex.—A number of reports*':*?.** have indicated that the hem- 
agglutination test is more frequently positive in men. Ball® found a 60 per cent 
incidence of positive tests in men as compared to 38 per cent in women. This 
relationship has been denied by Scott.”® 

Effect of Therapy.—Data on the effect of therapy on the hemagglutination 
titer are meager. Svartz and Schlossmann?’ in 6 patients, and Hobson and 
Gorill#® in 8 patients, observed no effect on the titer as a result of 
corticotropin or cortisone therapy. These impressions, however, were based 
upon brief periods of treatment. In a number of cases treated with gold salts 
and in 9 patients treated with corticotropin or cortisone, Ball*? found that 
there was no change in the result of the test whether the patient went into re- 
mission or not. In those cases in which the reaction changed from positive to 
negative or vice versa, there seemed to be no correlation with the clinical state. 
Using cortisone, corticotropin, gold, and supportive measures, Pike, Sulkin, 
Coggeshall, and Burdette*? noted no change in titer, and de Forest and Alex- 
ander*! saw no change in titer in a few patients after extended periods of treat- 
ment with cortisone and gold, although significant clinical improvement occurred. 
Jacobson and colleagues,*® in a larger group of patients, found ‘“‘insignificant 
changes in titer and few instances of conversion of positive to negative (or vice 
versa) with any grade of response to therapy,’ which included adequate amounts 
of gold salts or prolonged periods of hormonal and salicylate therapy. 

Discussion.—It would appear that the more pronounced the total develop- 
ment of the disease the more likely is the hemagglutination test to be positive. 
The results are especially well correlated with the presence of x-ray changes and 
subcutaneous nodules. Opinion is divided as to whether the titer is related to 
duration of disease and to the erythrocyte sedimentation rate; and the relation- 
ship to activity, often claimed, has not been convincingly proved. It is commonly 
but not universally agreed that once positive, the test tends to remain positive 
regardless of therapy and changes in activity of the disease. Thus, the elabora- 
tion of the rheumatoid factor seems to be more closely associated with the deep- 
seated, anatomic changes of rheumatoid arthritis rather than with the purely in- 
flammatory or fluctuating aspects of the disease. 

The rheumatoid factor has been demonstrated frequently in the early stages 
of the disease. By the inhibition procedure, it has been found in practically all 
patients regardless of the stage of the disease. It would appear, therefore, that 
the presence of this factor is an essential feature of the rheumatoid process and 
that the difficulty of demonstrating it in certain patients is a consequence of 
the lack of sensitivity of available tests. 


AGGLUTINATION REACTION IN OTHER RHEUMATIC DISEASES 


Ankylosing Spondylitis —Of 456 cases of ankylosing spondylitis reported in 
the literature in which the presence of peripheral joint involvement was not 
specified, 12 gave positive tests, an incidence of 2.6 per cent (Table IV). When 
peripheral joint involvement was specified as being present, positive tests were 
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given by 9 of 48 patients, or 19 per cent. It is not clear what proportion of the 
small group with positive tests had typical ankylosing spondylitis with peripheral 
spread, and what proportion had atypical spondylitis beginning as rheumatoid 


arthritis.*” 


TABLE IV. RESULTS OF SENSITIZED SHEEP CELL AGGLUTINATION TESTS IN VARIOUS DISEASES 


| 

| NUMBER 
REFERENCES OF NUMBER | PER CENT 
sisal POSITIVE | POSITIVE 


DISEASE 


Juvenile rheumatoid arthritis 


Disseminated lupus 
erythematosus 


Scleroderma 

Polyarteritis nodosa 

Ankylosing spondylitis with 
peripheral joint involvement 

Infectious hepatitis 

Dermatomyositis 


Palindromic rheumatism 


Psoriasis with arthritis pa 


, 49, 51 


Reiter’s syndrome 


Osteoarthritis , 30-32, 35-37, 49 


Specific infectious arthritis , 22; 23, 32,35; 36 


Ankylosing spondylitis without . 27. 30-32, 35-37; 


peripheral joint involvement 


Rheumatic fever , 26, 30-32, 36, 37 


5.31 


Gout 
Ulcerative colitis with arthritis 
Psychogenic rheumatism 


Shoulder-hand syndrome 


Of 89 patients tested in the author’s laboratory, only one gave a positive 
test.°! Eleven of these patients, who had peripheral joint involvement, gave 
negative tests. Only one of approximately 100 patients with ankylosing spon- 
dylitis reported by Blumberg and Ragan, of whom 30 per cent had peripheral 
joint involvement, gave a positive Waaler-Rose test. 

The low incidence of positive tests in ankylosing spondylitis, even in the 
presence of peripheral joint involvement, suggests that peripheral rheumatoid 
arthritis and ankylosing spondylitis are divergent diseases. 
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Juvenile Rheumatoid Arthritis—Results of 69 cases of this disease have 
been reported, with 26 positive tests, an over-all incidence of 38 per cent (Table 
IV). Inthe author’s clinic, 12 of 20 patients (60 per cent) gave positive tests with 
the euglobulin fraction directly, and all gave positive tests when the inhibition pro- 
cedure was used.** In view of the latter results, it would appear that the low 
incidence of positive tests usually observed in the juvenile disease is attributable 
to the lack of sensitivity of the procedures employed rather than to absence of 
the rheumatoid factor. Since in most respects the juvenile and adult forms of 
the disease are identical, it is to be expected that with more sensitive procedures 
the rheumatoid factor will be demonstrated in juvenile patients in higher inci- 
dence than heretofore. 

Psoriasis and Arthritis—-Most authors have not distinguished between 
psoriatic arthropathy and coincidental psoriasis and rheumatoid arthritis in 
reporting results of agglutination tests. Tests in 67 patients have been reported; 
of these, 7 gave positive tests (Table IV). Jacobson and co-workers,* who 
reported positive tests in approximately 20 per cent of such patients, found no 
difference in results whether or not terminal, interphalangeal joint involvement 
was present. In the author's clinic, none of 21 patients have given positive tests, 
even though more than half of these fulfilled the criteria for the diagnosis of 
coincidental rheumatoid arthritis and psoriasis. 

It is apparent that the agglutination test has usually been negative in patients 
with psoriasis and arthritis. The fact that negative results have been obtained 
regardless of whether the clinical diagnosis was psoriatic arthropathy or rheuma- 
toid arthritis with psoriasis raises doubt as to whether this distinction is justified. 
The evidence from agglutination data appears to favor the point of view that, 
regardless of clinical features, the arthritis which occurs with psoriasis is, in 
nearly all cases, not typical rheumatoid arthritis. 

Disseminated Lupus Erythematosus.—Next to classical rheumatoid arthritis, 
patients with disseminated lupus erythematosus have shown the highest inci- 
dence of positive agglutination tests. Of 83 patients with this disease, 28 (34 
per cent) gave positive results (Table IV). 

In the author’s laboratory, sensitized sheep cell agglutination tests were per- 
formed in 18 patients with disseminated lupus erythematosus, all of whom had 
some form of joint involvement in the course of their disease.® Five patients in 
this group gave positive tests by the inhibitor-block technique, an incidence of 28 
per cent. It is significant that the patients who gave positive tests fell into the 
group which had had either a prolonged history of joint involvement or chronic 
arthritis resembling that seen in rheumatoid arthritis. 

In recent years, the distinction between rheumatoid arthritis and dissemi- 
nated lupus erythematosus has become less definite. Many patients presenting 
the clinical picture of rheumatoid arthritis have shown positive L.E. cell tests. 
In my clinic, for example, 7 of 59 patients with classical rheumatoid arthritis 
showed positive L.E. tests, an incidence of 12 per cent.*! Similar results have 
been reported by others. It is of interest, therefore, that patients with the clini- 
cal diagnosis of disseminated lupus erythematosus should show a high incidence 
of positive agglutination tests, emphasizing the overlap of the two diseases from 


the other direction. 
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Other Collagen Diseases.—Positive results have been reported in 7 of 25 
cases of scleroderma, 3 of 14 cases of polyarteritis nodosa, and 1 of 8 cases of 
dermatomyositis (Table IV). The limited number of cases studied thus far in 
these groups would tend to magnify errors resulting from unwitting inclusion of 
cases of rheumatoid arthritis. Nevertheless, present data suggest an increased 
incidence of positive tests in scleroderma and perhaps in polyarteritis nodosa. 

Miscellaneous Diseases.—Sera of patients with rheumatic fever, gout, osteo- 
arthritis, specific infectious arthritis, shoulder-hand syndrome, and psychogenic 
rheumatism have almost uniformly shown negative tests (Table IV). None of 
13 cases of ulcerative colitis with arthritis, and only 1 of 8 cases of palindromic 
rheumatism gave positive tests. Positive results have been reported in 5 of 50 
reported cases of Reiter’s syndrome and chronic postvenereal arthritis. Here, 
as in the collagen diseases, the number of cases reported is small, and the apparent 
small increase in incidence of positive tests may well be due to the inclusion of 
cases of rheumatoid arthritis. 

Among the nonrheumatic diseases, it is worthy of note that sera of 7 patients 
of 43 with infectious hepatitis yielded positive results, an incidence of 16 per 
cent. This is relatively high as compared to results in the general population. 
The possibility exists that in the presence of liver disease abnormal globulins are 
synthesized which have agglutinating activity. 

Discussion.—Positive agglutination tests occur no more frequently in rheu- 
matic fever, gout, osteoarthritis, and specific infectious arthritis than in the 
general population. In contrast to rheumatoid arthritis, the sensitized sheep 
cell agglutination reaction is also usually negative in a group of arthritic diseases 
which resemble it both clinically and pathologically. These include ankylosing 
spondylitis and the arthritides associated with psoriasis, urethritis, ulcerative 
colitis, and perhaps also the arthritis that accompanies agammaglobulinemia.*® 
In disseminated lupus erythematosus, patients with a significant degree of 
arthritis frequently show positive tests. 

The results presented strongly suggest that ankylosing spondylitis and peri- 
pheral rheumatoid arthritis are divergent diseases, and that the distinction com- 
monly made between psoriatic arthropathy and coincidental rheumatoid arthri- 
tis and psoriasis is not justified. 

Perhaps most important of all, however, the question is raised as to why 
one variety of chronic synovitis is associated with a characteristic and presum- 
ably abnormal serum constituent, while others resembling it, as far as we know, 
are not. 

NATURE OF THE AGGLUTINATION REACTION 


The agglutinating property of rheumatoid serum has been demonstrated, 
as noted previously, with a number of particulate systems, i.e., erythrocytes, 
bacteria, collodion particles, and latex particles. It is reasonable to assume that 
the same or closely related agglutinating factors are operative in all these systems. 
Presumably, in every case the particulate body is coated with a sensitizing factor, 
which varies for each system. In the classical sensitized sheep cell agglutination 
reaction (Table V and Fig. 1) the coating factor is rabbit anti-sheep cell anti- 
body. Other antibody sensitized red cell systems have been utilized. Foz and 
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associates*’ and Pike and his co-workers,>* have employed human group O cells 
coated with rabbit antiserum to type O cells (Table V and Fig. 1). Rh-positive 
cells sensitized with anti-Rh antibody*?:®:*! and human group A cells sensitized 
with rabbit anti-group-A-substance antibody have also been employed. 

Greenbury® has recently sensitized sheep erythrocytes by coating them 
first with the capsular polysaccharide of Bactertum pneumoniae type B and sub- 
sequently exposing them to a subagglutinating dose of rabbit antiserum against 
whole Bact. pneumoniae. In this case the sensitizing antibody globulin was fixed 
to the red cell by preliminary treatment with its antigen. 


RABBIT 


RABBIT 
(oe) rsa + eo ne 


HUMAN 


RABBIT HUMAN RABBIT 
9 iy eee si Q rom) nision 
HUMAN HUMAN 
T.A, T.A 
gis T glob >+ Sar) a ade AGGLUTINATION 


HUMAN 
+ —— 3 Ge AGGLUTINATION 


HUMAN 


+ ee PRECIPITATION 


RABBIT RABBIT 


ant-egg alb. 


Fig. 1.—Mechanisms of agglutination and inhibition in different systems. RBC, sheep red blood cell; 
T.A., tannic acid treated red blood cell; L.P., latex particle; R.F., rheumatoid factor. 


When red cells are treated with tannic acid, their surface properties are so 
altered that they may be coated with proteins which are not antibodies to them.“ 
In this way, Heller’s group® sensitized tannic acid treated cells with human 
fraction II with the result that they were strongly agglutinated by rheumatoid 
serum. This observation in turn led to an interesting finding by Singer and 
Plotz*® who were able to “‘sensitize’’ polystyrene latex particles with human frac- 
tion II so that these, too, were agglutinated or flocculated by rheumatoid sera. 
These observations emphasize the minor role of the particulate body in the agglu- 
tination phenomenon, and provide evidence that the rheumatoid factor does 
not function inherently as an accessory agglutinating factor to systems in which 
particulate antigens are agglutinated by their antibodies as postulated by Wager.” 
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Agglutination of bacteria, also, appears to require prior sensitization. Bru- 
cella organisms were agglutinated by rheumatoid sera if sensitized with incom- 
plete brucella antibodies.” That a sensitizing factor is concerned in the agglu- 
tination of beta hemolytic streptococci is apparent from the experiments of La- 
mont-Havers,® who showed that, in addition to an agglutinating factor which 
precipitated in the cold globulin fraction of rheumatoid serum, a second factor, 
remaining in the supernatant, was necessary for streptococcal agglutination. 
The second factor was nonspecific in that it was also found in normal serum. It 
is likely, by analogy with other agglutinating systems, that this nonspecific factor 
is a streptococcal antibody which serves as the sensitizing agent. That it is a 
globulin is suggested by the fact that it is precipitable by dialysis against water. 


TABLE V. AGGLUTINATION SYSTEMS 
PARTICULATE BODY SENSITIZING GLOBULIN 


Sheep erythrocyte Rabbit amboceptor 

Human Rh?* erythrocyte Human anti-Rh antibody 

Human group O erythrocyte Rabbit anti-O cell antibody 

Human group A erythrocyte Rabbit anti-group A-substance antibody 

Sheep erythrocyte coated with Bact. pneumoniae | Rabbit anti-Bact. pneumoniae polysac- 
polysaccharide charide antibody 

Tanned sheep erythrocyte Human fraction II 

Latex particle Human fraction II 

Brucella bacillus Incomplete brucella antibody 

8-hemolytic streptococcus (Streptococcal antibody) 

Egg albumin-anti-egg albumin precipitate* Rabbit anti-egg albumin antibody 


*Adsorbs rheumatoid factor, but is not an agglutinating system. 


The capacity of the rheumatoid factor to interact with particulate systems in 
which the sensitizing factor is a fixed gamma globulin, commonly antibody in 
character, suggests that antigen-antibody precipitates should also combine with 
this factor. Evidence for this type of reaction is available from two sources.*:® 
Wallis® showed that rheumatoid sera precipitated more strongly than controls 
with extracts of group A hemolytic streptococci and with the C-carbohydrate 
of this organism. This was attributed to a nonspecific enhancing effect of rheu- 
matoid serum on antigen-antibody precipitation. 

Vaughan® found that the antigen-antibody complexes in 2 of 5 precipitating 
systems investigated, i.e., egg albumin-rabbit anti-egg albumin and conalbumin- 
rabbit anti-conalbumin, absorbed significant amounts of protein-containing 
material from rheumatoid serum and not from normal serum. There was simul- 
taneously a progressive fall in the sensitized sheep cell agglutination titer, indi- 
cating absorption of the rheumatoid factor. The observations of Vaughan are 
of interest, in that they correspond with accumulated experience that the rheu- 
matoid factor reacts with particulate systems containing gamma globulin, in this 
case rabbit antibody. 


As shown in Table V and Fig. 1, the sensitizing agents for the various agglu- 
tination and adsorption systems listed are in each instance gamma globulin con- 
stituents. In some cases they are antibodies, but their antibody character ap- 
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pears to be necessary only for attachment to the particulate body, which itself 
appears to play a minor role. It would appear, therefore, that the underlying 
reaction in all cases is one in which the rheumatoid factor reacts with a con- 
stituent of the gamma globulin fraction. The gamma globulin constituent is 
not specific since any one of a number of rabbit and human antibodies to a 
variety of antigens, as well as fraction II of human plasma, may serve as 
sensitizing agents. 

In the light of the above, it would appear that the phenomenon of inhibition 
of sensitized sheep cell agglutination?°:*’- is due to a competition for the rheuma- 
toid factor between amboceptor on the sheep red cell and inhibiting gamma 
globulin added to the system either in the form of whole serum or its euglobulin 
fraction (Fig. 1). The inhibiting globulin, present in excess, presumably reacts 
with the rheumatoid factor preferentially, thereby blocking reaction of the latter 
with the amboceptor. 

The observations presented suggest that it should be possible to demonstrate 
interaction between fraction II and the rheumatoid factor directly. Since rheu- 
matoid serum contains both these components, it might be expected that such 
serum would show spontaneous precipitation because of this interaction. It is 
not surprising, therefore, that a number of workers!*:®:§7 have called attention 
to the fact that saline diluted rheumatoid sera do form visible precipitates on 
standing. 

Williams and co-workers® first showed evidence of reaction between frac- 
tion II and the rheumatoid factor by demonstrating adsorption of fraction II 
protein by a euglobulin precipitate from rheumatoid serum. Epstein, Johnson, 
and Ragan® subsequently furnished highly convincing evidence of reaction be- 
tween the rheumatoid factor and a serum gamma globulin by demonstrating 
precipitation between fraction II and diluted rheumatoid serum or euglobulin. 
The data in this preliminary report indicated an equivalence zone of precipita- 
tion, suggesting that the reaction had the characteristics of a single antigen- 
antibody system in which the rheumatoid factor functioned as the antibody. 
A later report by these authors’® indicated, however, that the character of 
the precipitin curve varied with the samples of fraction II] and rheumatoid serum 
employed. There was no consistent relationship between the shape of the curve 
and the amounts of rheumatoid factor remaining in the supernatant following 
precipitation, nor was there in most cases a characteristic equivalence point as 
is usually observed in true antigen-antibody reactions. 

With regard to the possible antibody nature of the rheumatoid factor, Foz 
and Batalla® have called attention to the similar properties of Coombs serum 
and Waaler-Rose positive rheumatoid serum by demonstrating that both agglu- 
tinated brucella organisms sensitized with anti-brucella incomplete human anti- 
bodies and also Rh-positive erythrocytes sensitized with incomplete human anti- 
Rh antibodies.*® They suggested, on this basis, that the rheumatoid factor acted 
as an autoantibody to the patient’s own globulin, altered in some unknown way 
so as to become ‘‘autoantigenic.”’ 

Is the rheumatoid factor a true autoantibody? The precipitin data described 
by Epstein and co-workers do not clearly establish this point of view. Preliminary 
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evidence indicates that the precipitating activity of fraction II is dependent upon 
alteration of the protein constituent involved.”:7 Increased precipitating ac- 
tivity could be produced by heating or by preliminary exposure to an acid pH, 
suggesting that the precipitation of the rheumatoid factor bv fraction II depends 
to a considerable extent on a decrease in solubility of the precipitating constit- 
uent of this fraction. 

In the author’s opinion, present evidence permits only the conclusion that 
rheumatoid serum contains one or more substances which combine with a con- 
stituent of the gamma globulin fraction, especially if the latter has been altered 
beforehand either by exposure to heat or acid or by combination with a par- 
ticulate body. Whether separate rheumatoid factors are concerned with the 
agglutination of antibody sensitized systems, as exemplified by sensitized sheep 
cells and F II sensitized systems, remains unclear. 


RELATION TO STREPTOCOCCAL AGGLUTINATION 


Although the phenomena of streptococcal agglutination and sensitized sheep 
cell agglutination have usually been demonstrable in the same sera®:!®.*5 it has 
been denied by Waaler'? and Pike with others” that the same factor was involved 
in both. The latter investigators as well as Lamont-Havers® and Thulin”: 
absorbed rheumatoid sera with streptococci with resultant loss of streptococcal 
agglutinating activity, but with no decrease in sensitized sheep cell agglutinating 
capacitv. Thulin also showed that L and O streptococcal agglutinating factors 
of rheumatoid serum migrated more slowly than the hemagglutinating factor on 
paper electrophoresis, and that treatment of rheumatoid sera with COs: precipi- 
tated hemagglutinating factor and not streptococcal agglutinating factor. He 
argued from these data that the sensitized sheep cell factor and the streptococcal 
agglutinating factor were different substances. Wager has shown, however, 
that the loss of streptococcal agglutinating activity following absorption with 
streptococci is due to removal of streptococcal antibody rather than the strepto- 
coccal agglutinating factor. This would also follow from the work of Lamont- 
Havers,® reviewed above, who demonstrated that two factors were involved in 
streptococcal agglutination. 

It is possible, therefore, to reconcile the results of Thulin with the point of 
view that the same factor in rheumatoid serum is responsible for both strepto- 
coccal and hemagglutination by the assumption that the differences noted by 
him were due to the separation of streptococcal antibody from the rheumatoid 
factor. The similarity of streptococcal agglutination to brucella agglutination, 
described above, also makes it likely that streptococci and sensitized sheep cells 
are agglutinated by the same factor. 


CONSTITUTION OF THE RHEUMATOID FACTOR 


Using salt fractionation, Waaler’’ found the agglutinating activity of rheu- 
matoid serum in the globulin fraction. Rose and associates'® found all such ac- 
tivity in the electrophoretically separated beta-gamma globulin fraction. When 
whole serum was examined by paper electrophoresis, the activity migrated in 
the beta globulin as well as in the faster portions of the gamma globulin.” 
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The hemagglutinating activity of serum fractions separated by alcohol frac- 
tionation was determined by Heller’s group.’® All of the activity was found in 
a fraction, designated by these authors (using the method of Deutsch et al.?7) 
as fraction III, which contained albumin, 4.9; alpha globulin, 14.6; beta globu-’ 
lin, 73.1; and gamma globulin, 7.4 per cent. Since other Cohn-Deutsch fractions 
containing larger amounts of albumin, alpha and gamma globulin were inactive, 
it was assumed that the rheumatoid factor was associated with the beta-lipo- 
protein fraction. A similar conclusion was reached by Wager and Alameri?® 
following alcohol fractionation. Since it is quite possible that the activity was 
present in the small but measurable amounts of gamma globulin known to be 
present in the fractions separated by these investigators, this conclusion is not 
necessarily correct. On sodium sulfate fractionation,”® the agglutinating activ- 
ity was precipitated most consistently in a fraction rich in beta globulin, but the 
same criticism may apply here, too. 

The agglutinating factor was precipitated in the cold globulin fraction.*® 
On zone electrophoresis of the cold globulin precipitate on starch columns, the 
agglutinating activity was found in the gamma globulin fraction.*° It also mi- 
grated electrophoretically on paper as a gamma globulin component when pre- 
cipitated by dilution with water. 

The discrepancies between the results obtained above on electrophoresis of 
whole serum and those obtained on purified fractions by the latter two investi- 
gators suggest that in whole serum the rheumatoid factor interacts with faster 
moving proteins which raise its mobility, while in fractions containing only 
gamma globulin it remains with this fraction. 

Rheumatoid serum and its euglobulin fraction have been applied to cellulose 
ion exchange columns®!:” by Lospalluto and Ziff,** and agglutinating activity 
has been recovered quantitatively from both anion and cation exchangers. 
Though the main bulk of the gamma globulin fraction was eluted from the anion 
exchange column in the first major peak, all of the agglutinating activity was 
found consistently in a fraction far removed from this peak. The titer per milli- 
gram of nitrogen of the active fraction recovered from eluates has varied from 
100 to 800 times that of the original serum. Boundary electrophoresis of active 
eluates has usually shown two main components, both having mobilities in the 
gamma globulin range. All of the activity was present entirely in the slower 
component, which in one experiment had a mobility of 7.5 X 10-6 cm.? volt-'sec.-}. 
It appears from these results that the agglutinating factor, as recovered by ion 
exchange chromatography, is a slow-moving component of the gamma globulin 
fraction, which separates widely from the main bulk of the gamma globulin on 
the ion exchanger. 

A chromatographically purified fraction, containing all of the agglutinating 
activity of the serum in 0.6 per cent of the original nitrogen, contained 2.8 per 
cent hexosamine and 4.3 per cent tryptophane-reacting polysaccharide as com- 
pared with 1.9 per cent hexosamine and 2.1 per cent polysaccharide in the origi- 
nal serum. Smyth and Clark™ have suggested that a polysaccharide component 
of the globulin fraction is concerned in the agglutination reaction because there 
was a significant decrease in the polysaccharide content of the medium following 
agglutination of sensitized sheep cells by the euglobulin fraction. 
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Agglutinating activity remained after exposure to a temperature of 60° C. 
for 30 minutes,”° but was lost at 80° C.* Activity persisted after storage for five 
months in the frozen state, and after repeated freezing and thawing.?® It was 
lost at pH 2 after one hour, but not at pH 4.*° After 24 hours at the latter pH, 
however, activity disappeared. Removal of lipids by treatment with cold alco- 
hol and ether did not destroy agglutinating activity,” nor did repeated extrac- 
tion with ethyl ether.7° The agglutinating factor resisted inactivation when the 
euglobulin fraction was incubated for 24 hours with both papain and trypsin in 


high concentration.** No conclusion could be reached about the stability toward 


pepsin because of the instability of the factor at the acid pH necessary for pep- 


sin digestion. 
Hobson and Gorill*® have concluded that the properties of the rheumatoid 


factor closely resemble those of the heat stable fourth component (C’4) of com- 
plement. Further evidence for this identification has not been presented, and 
has, in fact, been denied by Svartz and Schlossmann.® In contrast to the find- 
ing of Hobson and Gorill, that the agglutinating activity remained in the super- 
natant following globulin precipitation with CO», Svartz and Schlossmann found 
it in the euglobulin precipitate as well. 

Svartz and Schlossmann*® have grown nonhemolytic cocci, cultured from 
the throats of patients with rheumatoid arthritis, on a medium containing ten- 
dons and periarticular tissue, and from this medium have subsequently precipi- 
tated a cold globulin fraction which agglutinated sensitized sheep cells in high 
titer. The suggestion was made that the agglutinating factor so obtained was 
elaborated by the action of bacterial enzymes on connective tissue. A number 
of variables in these preliminary experiments have not as yet been controlled, 
however. Hemagglutinating activity has also been obtained by these authors 
in a polysaccharide extract of the granulation tissue of a joint capsule from a 


patient with rheumatoid arthritis, but details are not given.?® 


IMMUNOLOGIC PROPERTIES OF THE RHEUMATOID FACTOR 


Is the rheumatoid factor a new serum constituent, or is it normally occur- 
ring but elaborated in greater quantity in rheumatoid serum? Attempts have 
been made to determine this by investigating whether the factor is antigenic 
in rabbits, and if so whether the antigen may be found only in rheumatoid serum. 
Svartz,*® with Schlossmann, has reported briefly that sera of rabbits injected 
with rheumatoid serum or joint fluid developed strong agglutination inhibitory 
activity, presumably due to antibody formation to the rheumatoid factor. 
Brown,*’ working in the author's laboratory, found that the sera of rabbits im- 
munized with a cold globulin fraction from rheumatoid serum, which had been 
previously absorbed with euglobulin from normal serum, exhibited marked agglu- 
tination inhibitory activity. These antisera gave precipitin reactions with 11 of 14 
rheumatoid sera but not with control sera, and showed two extra bands in gel 
diffusion experiments against rheumatoid sera which were not observed with nor- 
mal sera. Subsequent attempts by Boettiger, Lospalluto, and Ziff** to absorb 
rabbit antibody to the rheumatoid factor differentially with a variety of globulin 
preparations have revealed no marked difference in specificity between fractions 
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from normal and rheumatoid sources, presumably because of cross reaction. It 
would appear from this that clear-cut evidence of an antigen unique to rheumatoid 
serum must await sufficient purification of the rheumatoid factor. Because 
present indications are that this factor is a gamma globulin component, it may 
well be that even when a purified antigen is available it will be difficult to avoid 
cross reaction of its antiserum with other gamma globulin. 


INHIBITION REACTION 


It has been suggested above that inhibition results from a reaction between 
a fraction II constituent and the rheumatoid factor. There is little knowledge 
of the chemical! nature of the inhibitor. Heller and co-workers* established that 
the inhibitory activity of serum was concentrated in fraction IT. It is not known 
whether the activity is restricted to a single constituent of this fraction or is a 
characteristic of a group of constituents. 

When rheumatoid serum was fractionated by dialysis at varying pH, all 
of the agglutinating activity was precipitated between pH 6.5 and 7.5, while 
precipitates obtained below pH 6.5 showed inhibitory activity. Inhibitory 
activity was found in precipitates from nonrheumatoid sera between pH 6.5 
and 7.5 as well as at lower pH. When rheumatoid sera were fractionated with 
ammonium sulfate, agglutinating activity was precipitated between 1.2 and 1.4 
molar concentration, while inhibitor activity was obtained from the same serum 
over the range 1.2 to 2.0 M. From these results it appears that the agglutinating 
factor precipitates over a relatively narrow range of pH and salt concentration, 
while the inhibitor precipitates over a much wider range. This observation 
suggests that either inhibitory activity is exhibited by a group of proteins or 
that a single protein is coprecipitated over a wide range of pH and salt con- 


centration. These results also indicate that rheumatoid sera contain both 


inhibitor and agglutinator. 
Evidence that not all gamma globulin is active as inhibitor has been pre- 


sented by Williams and colleagues,** who found that when this fraction was 
separated by curtain electrophoresis at pH 3.2, the peak of inhibitor activity 
lay far to the anodic side of the protein concentration maximum. Whether 
this is due to the formation of altered gamma globulin is not clear.7!»” 

When rheumatoid serum or its euglobulin fraction was chromatographed on 
cellulose anion exchanger, inhibitory activity was eluted in the first peak, which 
contained the main bulk of the gamma globulin fraction, while the last peak 
to be eluted, which was also composed of gamma globulin, contained all of the 
agglutinating activity.* 

An interesting type of inhibition has recently been reported by Greenbury.® 
The latter author sensitized sheep erythrocytes by exposing them first to the 
capsular polysaccharide of Bact. pneumoniae type B, and subsequently to rabbit 
antiserum against whole Bact. pneumoniae. Agglutination of these cells by rheu- 
matoid serum could be reversed by addition of excess Bact. pneumoniae poly- 
saccharide. A similar reversal of agglutination of human group A cells sensitized 
by rabbit anti-group-A-substance antibody was effected by addition of excess 


group-A-substance. The rheumatoid factor in each case was shown to have 
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been eluted from the cells by this treatment presumably because the excess of 
antigen to the sensitizing antibody displaced the rheumatoid factor from its point 
of attachment to this globulin. 

A number of simple organic compounds have been shown to have inhibitory 
activity in the concentration range 10 to 10-* M.®§ These are glycylglycine, 
ureidosuccinic acid, and 5-hydantoin acetic acid. Svartz®® has recently found 
that acetazolamide (Diamox) has inhibitory activity. 


SUMMARY 


In the serum of most patients with rheumatoid arthritis and some with 
other collagen diseases, an agglutinating factor is present. The factor is not 
detectable with a significant incidence in the serum of patients with other chronic 
arthritides. A variety of agglutinating systems, including sensitized bacteria, 
erythrocytes, and synthetic polymers, have been utilized to demonstrate the 
presence of the rheumatoid factor. It is likely, but not certain, that the same 
factor is concerned in each system. 

The sensitizing agent is, in all instances, a gamma globulin constituent of 
variable composition attached to the particulate body, in some cases as an anti- 
body and in others nonspecifically. Agglutination is believed to occur as a re- 
sult of reaction between the sensitizing factor and the rheumatoid factor. The 
demonstration of precipitation between fraction I] (gamma globulin) and rheu- 
matoid serum supports this point of view. 

When whole serum is examined electrophoretically, the agglutinating activ- 
ity is found in the beta and gamma globulin fractions, but when purified fractions 
are so studied, the activity is usually found in the gamma globulin fraction. 

It has been suggested that the rheumatoid factor is an autoantibody to 
gamma globulin. Though it is well established that interaction occurs between 
this factor and various gamma globulin constituents, it has not yet been proved 
that the factor is a true antibody. 

One or more constituents of the gamma globulin fraction of human and 
rabbit serum have the capacity to inhibit the agglutinating activity of the rheu- 
matoid factor when present in sufficient concentration to bind it preferentially. 

The presence of an agglutinating factor in the gamma globulin fraction of 
the serum of patients with rheumatoid arthritis suggests, along with other data, 
that alterations in the composition of this fraction may play an important part 
in the pathogenesis of this disease. 
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+ | pineageigin lesions in rheumatoid arthritis have received increasing atten- 
tion, as is evident from the fact that in the past five years at least 20 papers 
have been published relating to the occurrence of vasculitis in this disease. These 
lesions are of considerable importance for several reasons. They may be of 
significance in the pathogenesis of rheumatoid arthritis. They may constitute 
a morphologic link that relates rheumatoid arthritis to other collagen diseases, 
such as rheumatic fever, systemic lupus erythematosus, systemic scleroderma, 
and polyarteritis nodosa; for vasculitis occurs in each of these diseases. The 
possibility that angtitis may be activated in patients with rheumatoid arthritis 
as a result of prolonged steroid administration has constituted, in the mind of 
the clinician, an additional and quite formidable hazard associated with hormonal 
therapy. 

During an earlier study of striated muscle in rheumatoid arthritis, it was 
discovered that inflammatory changes were present in small arteries in approxi- 
mately 10 per cent of biopsy specimens.*® Furthermore, evidence was presented 
that vascular lesions played a role in the development of the subcutaneous nod- 
ule.47 In the past 4 years we have observed 10 additional cases of rheumatoid 
arthritis exhibiting vasculitis, and these are summarized in this report. 


CasE 1.—A 52-year-old white man who had had ‘“‘rheumatism"’ at the age of 18 and rheumatic 
heart disease later, developed rheumatoid arthritis at the age of 45. There was a past history of 
syphilis complicated by optic atrophy. Two years after arthritis developed he was treated with a 
gold compound for 6 months. Eight months before he came under observation at Bellevue 
Hospital, he had received cortisone for one month. On admission he was found to have advanced 
peripheral rheumatoid arthritis, subcutaneous nodules, an enlarged heart with aortic stenosis and 
insufficiency, blood pressure of 300/0 and congestive heart failure with hepatosplenomegaly and 
pleural effusion. Laboratory determinations revealed moderate anemia with mild leukocytosis, 
elevated erythrocyte sedimentation rate (ESR), an inverted serum albumin/globulin (A/G) 
ratio, and a negative serologic test for syphilis. He died one week after admission to Bellevue 
Hospital of congestive heart failure complicated by acute ulcerative colitis, peritonitis, and 
empyema. 

Post-mortem Findings (B. H. 40411).—Disseminated arteritis was present in one sterno- 
clavicular joint, pectoral muscle, brachial nerve, and a periadrenal arteriole. Focal necrosis of 
the media of these vessels was accompanied by impregnation with fibrinlike material. Mono- 
nuclear cells, lymphocytes, and fibroblasts infiltrated the adventitia, and endothelial cells were 
swollen. Inflammatory infiltration of the striated muscle was not present. Fibrosis of other 
small arteries was observed in the muscle, liver, pancreas, kidney, and peritoneum. 
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Minute foci of necrosis of the synovial membrane of the sternoclavicular joint were present. 
These lesions were centered about capillaries. Fibrinlike material infiltrated their walls and the 
immediately adjacent collagenous tissue. In several instances the lumen of the vessels were 
occluded by this material. 

The other principal anatomical diagnoses were: rheumatoid arthritis; lobular pneumonia; 
empyema, left lower lobe; calcareous aortic stenosis with insufficiency; acute ulcerative colitis; 
acute generalized peritonitis. 

Case 2.—A 43-year-old Negro woman developed rheumatoid arthritis in 1946 at the age of 34. 
A few months after onset she was given injections of a gold compound for one year with moderate 
improvement. A second course of gold in 1952 was ineffective. Cortisone administration was 
then started and the patient improved moderately but developed hypertension, mild glycosuria, 
facial rounding, and hirsutism. Cortisone was discontinued but the arthritis became quite severe 
and a second course was given in 1953. Again this was stopped because the same side effects 
recurred and, in addition, a psychosis developed. In January, 1955, prednisone therapy was 
begun. Psychosis and glycosuria did not recur but by the sixth month of therapy the blood pres- 
sure rose to 176/120, purpuric spots appeared intracutaneously, and the patient complained of 
epigastric pain. Examination disclosed subcutaneous nodules, involvement of numerous joints, 
elevated ESR, a positive sheep cell agglutination test, negative L.E. cell test, and inversion of 
serum A/G ratio. X-ray of joints revealed osteoporosis, erosion of cartilage, and destruction of 
subchondral bone. During the sixteenth month of prednisone administration the patient developed 
severe paresthesias of both hands and feet, bilateral foot and wrist drop, left facial weakness 
of the central type, and subsequently anesthesia of upper and lower extremities. One week prior 
to death, a Grade 2 systolic apical murmur appeared, together with pericardial and pleural 
friction rubs. X-rays of chest revealed infiltrates in both lung fields and pleural effusion. There 
also appeared multiple, small, discrete, erythematous, nodular, cutaneous lesions. During her 
last day she complained of severe abdominal pain, appeared to have lost a large amount of blood, 
and died suddenly. 

Post-mortem Findings (A56-100).—Necropsy was performed by Dr. Richard Swarm. Char- 
acteristic lesions of polyarteritis nodosa, old and recent, were present in synovial pannus of one 
sternoclavicular joint, striated muscle, nerve, skin, heart, liver, kidney, pancreas, and a small 
bronchus. In most instances, the landmarks of the wall were obliterated by fibrinlike material. 
The surrounding structures were infiltrated by large numbers of inflammatory cells, primarily 
mononuclear. In other vessels, the arteritis had a more chronic character and the vessel walls 
were fibrotic (Fig. 1,4). The terminal episode was related to hemorrhage from an intrahepatic 
aneurysm. The other anatomic findings included rheumatoid arthritis, focal interstitial myo- 
carditis, and valvulitis (aortic and mitral leaflets). 

CasE 3.—A 64-year-old white man was admitted to the Clinical Center with rheumatoid 
arthritis of 30 years’ duration. There was a history of acute coronary occlusion 3 years previously, 
followed in 6 months by duodenal ulcer that healed with medical treatment. The arthritis was 
treated with aspirin and later with steroids as indicated in Table I. Examination disclosed ad- 
vanced, destructive, deforming, active, peripheral rheumatoid arthritis in numerous joints, subcu- 
taneous nodules, enlarged lymph nodes in axilla and groin, enlarged heart and a soft apical sys- 
tolic murmur, a slightly enlarged liver, and systolic and diastolic hypertension. Laboratory 
results showed an elevated ESR and a markedly elevated sheep cell agglutination titer (1:8, 192). 
Seven months after admission the patient died of severe hemorrhage from duodenal ulcer. 

Post-mortem Findings (A56-108).—Arteritis was present in both sternoclavicular joints, a 
sciatic nerve, pancreas, right adrenal gland, spermatic cord, and seminal vesicle. In the spermatic 
cord and nerve, the lesions were of recent origin: the media was partially necrotic and slightly 
smudged with fibrinlike material; the intima was edematous and the endothelial cells were en- 
larged. Lymphocytes, mononuclear and plasma cells infiltrated the adventitia and, to a lesser 
extent, the media (Fig. 1,B). In other areas, there was a variable degree of fibrosis of the intima 
and adventitia. The inflammatory reaction of an extracapsular small artery of the right adrenal 
gland was largely healed, and the lumen obliterated by fibrous tissue. Small numbers of chronic 
inflammatory cells persisted in the periarterial scar. A small artery adjacent to a subcutaneous 
nodule in the region of the right olecranon process was occluded by fibrous tissue and its elastic 
lamella was destroyed. The nodules consisted of amorphous detritus encapsulated by scar. 
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No cellular palisade persisted. There were no vascular lesions or inflammatory infiltration of 
striated muscle from two different areas. 

The remaining principal diagnoses were: rheumatoid arthritis, chronic ulcer of duodenum 
with massive gastrointestinal hemorrhage; atherosclerosis, generalized, severe; fibrous scar of 
myocardium. 


A. 


Fig. 1.—Vascular lesions in rheumatoid arthritis. A, Case 2. This lesion in subcutaneous tissue 
is indistinguishable from polyarteritis nodosa. (Hematoxylin and eosin; X 87.) B, Case 3. Arteritis 
in sciatic nerve. (Hematoxylin and eosin; X 87.) C, Case 6. Polyarteritis nodosa in striated muscle. 
(Hematoxylin and eosin; X 80, approximately.) D, Case 10. Miliary areas of early necrosis and cellular 
infiltration in synovial membrane center about minute blood vessels. The smudged appearance of 
surrounding fibers is due to ‘‘fibrinoid’’ swelling and discoloration with necrotic nuclear material. (Hema- 
toxylin and eosin; X 100.) 


Case 4.—A 51-year-old white man gave a history of rheumatoid arthritis that began 10 
years ago and that had been treated at one period with 40 injections of a gold compound. He 
had never received steroids. On examination he was found to be poorly nourished, and he had 
typical, advanced, active peripheral rheumatoid arthritis with severe atrophy of the muscles, 
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subcutaneous nodules, pulmonary emphysema and fibrosis, and an enlarged heart. Laboratory 
findings consisted of an elevated ESR and leukocytosis, an inverted serum A/G ratio, a positive 
sheep cell agglutination test and a negative L.E. cell test. During his admission he was given a 
trial of delta-1, 9 alpha-fluorohydrocortisone for 23 days. He developed acute coronary occlusion 


and died three days later. 
Post-mortem Findings (A55-133). 
sections of the left testis, active inflammatory reaction was found in four small arteries. 
each, there was a prominent infiltrate of inflammatory cells in the adventitia, composed principally 
of lymphocytes. A smaller proportion of mononuclear cells and fewer polymorphonuclear neu- 
trophils and eosinophils was included. Focal necrosis of the media of variable proportion was 
present. In one artery, a small proportion of the necrotic media was smudged with fibrinlike 
material. Proliferation of fibroblasts was seen in the intima and adventitia of one of these vessels. 
In two other arteries, there was marked thickening of the intima and advantitia by fibrous tissue 
The remaining arteries were normal. Patchy atrophy 


Necropsy was performed by Dr. L. B. Thomas. In two 
In 


but no inflammatory exudate was present. 
and sclerosis of seminiferous tubules were seen in the vicinity of vascular lesions and elsewhere. 
No vascular lesions were present in a section of the right testis. The seminiferous tubules were 
not atrophic in this instance. 

Active arteritis was not observed in other locations. 
in the testis, was present outside the capsule of one adrenal gland. 
were involved in a massive process of granulomatous arthritis like that seen in the subcutaneous 
In several areas, capillaries in the vicinity of zones of necrosis 


A scarred artery, like those described 
The sternoclavicular joints 


nodules of rheumatoid arthritis. 
were occluded by fibrinlike material that enmeshed erythrocytes. The other principal anatomic 
findings were atherosclerosis and thrombosis of the coronary artery with recent myocardial in- 


farction; fibrous pericardial obliteration; rheumatoid arthritis. 
CasE 5.—A 65-year-old white women was admitted to the Clinical Center in 1954, bedridden 
with rheumatoid arthritis which developed in 1949. She had been given cortisone for approxi- 


Subacute coronary arteritis is characterized by infiltration of inflammatory cells 


Fig. 2.—Case 5. 
There is no necrosis of the media. 


into all layers of the wall and the perivascular fibroadipose tissue. 
(Hematoxylin and eosin; < 70.) 
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mately 3 weeks in 1950 and again in 1951, with marked improvement and no adverse effects. 
In 1954, examination disclosed advanced, deforming rheumatoid arthritis of numerous joints, 
subcutaneous nodules, bilateral episcleritis, an enlarged heart with an apical systolic Grade 2 
murmur, moderate anemia, markedly elevated ESR, negative L.E. cell test, and sheep cell ag- 
glutination titer of 1:2,048. Roentgenograms showed destruction of articular cartilage and sub- 
chondral bone and several ankylosed joints. Prednisone therapy instituted Dec. 28, 1954, was 
followed by marked improvement and the patient became ambulatory with the aid of canes. In 
July, 1955, she developed a duct cell carcinoma of the breast and a radical mastectomy was done 
at once. Because of diminishing therapeutic response to prednisone, the steroid was discontinued 
in April, 1956. In June, 1956, bilateral pneumonia (or possibly pulmonary embolism) with pleural 
effusion and thrombophlebitis of the right iliac vein supervened. Prednisone therapy (5 mg. 
daily) was reinstituted on July 7, but the patient failed to respond, developed congestive heart 
failure and bouts of paroxysmal auricular tachycardia. An electrocardiogram revealed right 
bundle branch block. The patient died in July, 1956. 

Post-mortem Findings (A56-114).—Necropsy was performed by Dr. Philip H. Geisler. No 
metastatic carcinoma was found. The heart was enlarged and weighed 500 grams. The peri- 
cardial cavity was obliterated by fibrous adhesions. Several nodular areas of induration and 
calcification were present in the base and annulus of the mitral and tricuspid valves. Micro- 
scopically, a chronic inflammatory reaction was observed in the mitral leaflet. Two geographic 
areas of hyalinization and necrosis were present within the infiltrated area. Nuclear debris were 
present within these and they were surrounded by an incomplete palisade of elongated connective 
tissue cells. Calcific material was present near, but not within, these areas of necrosis. The 
hyaline valve substance did not have a fibrinlike character with phosphotungstic acid-hematoxylin 
stain. Numerous interstitial infiltrates of mononuclear cells and fibroblasts with fewer eosino- 
phils and polymorphonuclear leukocytes were present in the myocardium. In the epicardium 
of the left ventricle, several small coronary artery branches were inflamed. Mononuclear cells 
and a smaller proportion of fibroblasts, eosinophils, and lymphocytes infiltrated and thickened 
the intima and adventitia. The media was not necrotic but numbers of inflammatory cells were . 
present within it (Fig. 2). Healed and active necrotizing arteritis were present in the sciatic nerve. 
These lesions were indistinguishable from polyarteritis nodosa. 

CasE 6.—A 31-year-old Negro women was observed in the Arthritis Clinic of Johns Hopkins 
Hospital for severe, advanced, deforming, peripheral rheumatoid arthritis. She had received 
cortisone intermittently during the preceding 3 years. Examination disclosed in addition to 
arthritis, subcutaneous nodules, unilateral proptosis, and motor weakness of the left twelfth, 
the right seventh, and sensory impairment of the right fifth cranial nerves, a blood pressure of 
140/110, an elevated ESR, a negative L.E. cell test, and mild albuminuria. A muscle biopsy had 
revealed polyarteritis nodosa (see below). Two years later, the patient was readmitted to Johns 
Hopkins Hospital with retinal detachment and severe hypertension. She died 4 weeks later in 


congestive heart failure and uremia. 

Biopsy of Gastrocnemius Muscle (S37821).—In a few of the serial sections of striated muscle, 
the landmarks of a small artery were found to have been destroyed in large part (Fig. 1,C). The 
intima and media were in large part replaced by material that resembled compact fibrin, while 
the more external portions consisted of fibrous tissue. Within the lumen was a fine coagulum of 
retiform fibrin. A compact exudate of chronic inflammatory cells was present in the perivascular 
tissue. 

CasE 7.—A 50-year-old white man with a history of ‘‘growing pains,’’ without arthritis or 
carditis during childhood, was admitted with rheumatoid arthritis of 12 months’ duration. He 
had recurrent attacks of ‘‘hay fever’’ each summer. Intensive and continuous hormonal therapy 
was instituted soon after onset of his arthritis (Table I). Examination disclosed severe, active 
rheumatoid arthritis in many joints without deformities or radiographic evidence of destruction 
of bone or articular cartilage, subcutaneous nodules, and a labile blood pressure which reached a 
The laboratory findings included an elevated ESR, leukocytosis, inverted 


maximum of 168/96. 
During 


serum A/G ratio, positive sheep cell agglutination test, and a negative L.E. cell test. 
observation he developed thrombophlebitis of a vein in the left leg complicated by a pulmonary 
infarct. He received anticoagulant therapy, and was discharged much improved. 
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Fig. 3.—Case 7. Early subcutaneous nodule from olecranon region. A, A small artery lies in the 
center of the lesion. The lumen is filled with a fibrinike coagulum. The internal elastic membrane 
has been destroyed at several points. (Orcein, hematoxylin and eosin; X 27.) B, Higher magnification 
of section cut through peripheral portion of tissue from same block as 3,A, showing zone of ‘‘fibrinoid”’ 
necrosis in the nodule. Although there is no well-developed cellular palisade, the lesion is otherwise 
quite characteristic of a subcutaneous nodule of rheumatoid arthritis. (Hematoxylin and eosin; X 87.) 
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While receiving daily corticotropin and weekly gold compound injections, new subcutaneous 
nodules were appearing. One such nodule, 7 days old, located 9 cm. proximal to styloid process 
of ulna was biopsied. Two weeks later while same therapy was continued, biopsy of the gastro- 
cnemius muscle was done. 

Biopsy of Subcutaneous Nodule (S56-11).—The specimen was received in four portions. 
The greatest dimension of any of these was 0.8 cm. Serial sections revealed a multicentric process 
of ‘‘fibrinoid’”’ necrosis of subcutaneous tissue and formation of compact vascular granulation 
tissue centering about small arteries (Fig. 3,4). Segments of the arteries and some of the newly 
formed vessels were occluded by a coagulum of fibrinlike material that incorporated erythro- 
cytes, scattered polymorphonuclear leukocytes, and connective tissue cells like those of the sur- 
rounding granulation tissue. Much of the granulation and compact collagenous tissue had 
undergone necrosis. There were geographic areas in which the fibers had variously become swollen 
and assumed an affinity for phosphotungstic acid-hematoxylin and other fibrin stains or were 
fragmented (Fig. 3,B), and smudged with nuclear debris. At the margin of these zones of necrosis 
was a cellular border of proliferating, plump connective tissue cells and thick-walled capillaries, 
but no distinct cellular palisade. There was a scattering of lymphocytes about some of the vessels 
and numbers of polymorphonuclear leukocytes infiltrated the walls of the arteries in places. 
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Fig. 4.—Case 7. Segmental necrotizing arteritis in striated muscle of patient illustrated in the 
preceding figure. The lesion cannot be distinguished from polyarteritis nodosa. Hematoxylin and eosin; 
X 87.) 


Biopsy of Gastrocnemius Muscle (S56-94).—At several levels in serial sections of striated 
muscle, segments of small arteries were involved in an active or healed inflammatory reaction. 
In Fig. 4 is illustrated a small artery that has undergone focal necrosis. At a point of bifurcation, 
the landmarks of the wall have become obliterated by material resembling compact fibrin. Simi- 
lar material protrudes for a slight distance in to the adventitia of the vessels. Inflammatory cells, 
predominantly mononuclear, are present at the margins of the necrotic tissue and there is some 
mild fibrosis of the adjacent intima and adventitia. 

Case 8.—A 45-year-old Negro man was admitted with a history of rheumatoid arthritis 
of 19 months’ duration which was treated conservatively with aspirin. He had received only 
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Fig. 5.—Arteritis in early subcutaneous nodule of rheumatoid arthritis. A, Case 8. The artery is 
surrounded by a collar of vascular granulation tissue that penetrates through the central portion of its 
wall. The internal elastic membrane is disrupted in this region. The lumen is occupied by a coagulum 
of fibrinlike material and erythrocytes. (Orcein, hematoxylin and eosin; X 87.) B, Case 9. A small 
artery lies within highly vascular granulation tissue. Its wall is disrupted at several points by mono- 
nuclear and elongated connective tissue cells that are proliferating radially into the surrounding granula- 
tion tissue. The internal elastic membrane has disappeared from much of the wall. A fibrinlike coag- 
ulum, that enmeshes neutrophils and monomuclear cells fills the lumen. (Orcein, hematoxylin and eosin; 
X 80, approximately.) 
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two intramuscular injections of a gold compound and discontinued chrysotherapy at his own 
discretion. Prior to biopsy (see below) he had never been given corticotropin or steroid therapy. 
Past history included gonococcal arthritis and syphilis; the latter had been treated with arsenicals 
and penicillin. He had lost 30 pounds during the first year of arthritis. Examination disclosed 
moderately severe and symmetrical rheumatoid arthritis of many joints, subcutaneous nodules, 
mild axillary, and epitrochlear adenopathy, moderate anemia, elevated ESR, persistently negative 
L.E. cell test, and a markedly elevated sheep cell agglutination titer (1:112,000). Months after 
biopsy was done the patient developed acute diffuse interstitial pulmonary fibrosis, pleurisy with 
effusion, and pericarditis. He recovered and was discharged improved. 

Concomitant with a spontaneous flare of arthritis in many joints bilaterally, small, vague 
subcutaneous nodules appeared at both elbows distal to the olecranon. One of the nodules was 
biopsied on the ninth day of its appearance. 

Biopsy of Subcutaneous Tissue, Region of Right Olecranon Process (S54-52).—The specimen 
was an elliptical piece of skin and subcutaneous tissue that measured 1.9 x 0.2 cm. externally 
and was 1.8 cm. deep. One hundred and fifty serial sections were made. They revealed confluent 
areas of early rheumatoid nodule formation. The lesion was characterized by (1) widespread 
edema and focal necrosis of the subcutaneous collagenous tissue; (2) nodular proliferation of 
vascular granulation tissue, at the periphery of which frequently was a palisade of elongated 
connective tissue cells; (3) inflammatory reaction and occlusion of several arteries and newly 
formed vessels by material resembling compact fibrin. The artery illustrated in Fig. 5,4 was 
located within a nodular area of granulation tissue. Segments of its wall, including the internal 
elastic membrane, had disappeared and were replaced by granulation tissue continuous with that 
in the perivascular nodule. The lumen was occupied by a coagulum of fibrinlike material and 
erythrocytes, into which the connective tissue cells were growing. At another level in the nodule, 
a small artery within an area of necrosis was itself necrotic and occluded by thrombus material. 

Punch Biopsy of Synovial Membrane of the Knee (S54-36).—Sections revealed acute and 
chronic synovitis but no angiitis. 

Biopsy of Gastrocnemius Muscle (S54-38).—No arteritic changes were present. 


CasE 9.—A 30-year-old white woman was seen in the Arthritis Clinic of Johns Hopkins 
Hospital because she had polyarthritis and morning stiffness of 6 months’ duration. During 
the past year the patient noted paresthesias of hands and feet, easy fatigability, and a weight loss 
of 30 pounds. Her mother had rheumatoid arthritis for 20 years. The patient denied a history 
of polyarthritis, carditis, or chorea in the past. During both pregnancies she was told by her 
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physician that her heart sounds were “‘a little strange.’’ Joint pains were relieved ‘‘fairly well,” 
but not dramatically, by aspirin. She had never received hormonal therapy. Examination 
disclosed swollen, tender, warm, red, stiff, and painful proximal interphalangeal joints, wrists, 
shoulders, and ankles. Subcutaneous nodules were present near both olecranon processes. At 
the cardiac apex a loud rumbling diastolic and blowing systolic murmur were heard. The electro- 
cardiogram was normal. There was a mild leukocytosis and an elevated ESR. X-rays of the 
joints showed no definite changes. The diagnosis was active, early peripheral rheumatoid ar- 
thritis and well-compensated, inactive rheumatic heart disease with mitral stenosis and insuff- 
ciency. 

A subcutaneous nodule located 2 inches distal to right olecranon process was biopsied 21 
days after it was first observed clinically. The nodule was not present at a clinic visit one month 
previously. 

Biopsy of Subcutaneous Nodule (S37-539).—The specimen was excised in two portions. 
The greatest dimension of either one was 4 mm. Serial sections of one fragment disclosed a char- 
acteristic minute subcutaneous nodule of rheumatoid arthritis. It was surrounded by a zone of 
moderately compact though vascular granulation tissue. The other fragment of tissue was 
composed largely of a margin of granulomatous nodule. At one level, immediately external to 
the nodule, a small artery, approximately 45 yin external diameter, lay within an island of vascular 
granulation tissue (Fig. 5,B). Large segments of its wall were acutely inflamed and _ necrotic. 
Fibrinlike material impregnated the wall in these areas and also occupied the lumen. Erythrocytes 
and a few polymorphonuclear leukocytes were incorporated in the occluding material. En- 
dothelial and elongated connective tissue cells were proliferating from the marginal portions of 
the necrotic vessel into surrounding granulation tissue. 
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Biopsy of Synovial Membrane of Knee (S37-725).—Sections revealed a florid proliferation 
of vascular granulation tissue that was infiltrated by mononuclear and plasma cells. No necrotiz- 
ing vascular lesions were present. 

Biopsy of Gastrocnemius Muscle (S37-725).—Serial sections failed to disclose arteritic changes. 

CasE 10.—A 38-year-old white woman with rheumatoid arthritis of one year’s duration was seen 
at the Arthritis Clinic of George Washington University Hospital. Numerous subcutaneous 
nodules appeared, yet the sheep cell agglutination test was negative. The ESR was elevated 
and the L.E. cell test was negative. She had never received hormonal therapy. 


Fig. 6.—Case 10. (Same case as Fig. 1,D.) A subcutaneous artery adjacent to the nodule overlying 
the left ulna is occupied by fibrous tissue and several endothelial-lined channels. At several points 
the media is involved in the fibrosis that is present in the perivascular fibroadipose tissue. (Orcein, 
hematoxylin and eosin: X 100.) 


Biopsy of Synovial Membrane of Right Elbow (S39630A).—Sections revealed a chronic in- 
flammatory reaction with fibrosis and vascular proliferation in synovial membrane. Much of 
the surface had undergone ‘‘fibrinoid’’ necrosis and had become fragmented. Focal areas of 
similar change were seen deeper in the wall. At one point (Fig. 1,D), two miliary foci of recent 
necrosis and inflammation were present. In each instance, a minute blood vessel occupied the 
center of the lesion. In one, the collagen fibers of the wall and perivascular tissue appeared swollen 
and eosinophilic. Polymorphonuclear leukocytes and mononuclear cells infiltrated the synovial 
membrane about the vessels. Some of them were becoming fragmented and the adjacent fibers 
were smudged with nuclear material. The lumen of the other vessel was apparently occluded by 
swollen endothelial cells and a coagulum of fibrin and erythrocytes. 

Biopsy of Skin Nodule, Left Forearm (S39630B).—The tissue was an irregularly shaped 
fragment measuring 1.1 x 0.4 x 0.2. Most of it consisted of scar tissue with large areas of ‘‘fibrin- 
oid”’ necrosis like those of a subcutaneous nodule of rheumatoid arthritis. Few cells were present 
at the margin of the zones of necrosis. In the adjacent subcutaneous adipose tissue, the lumen 
of a small artery was occupied by cellular fibrous tissue that contained several endothelium-lined 
channels (Fig. 6). The internal elastic membrane was intact in most places but there were minute 
areas of splitting and disruption. The adventitia was scarred. Fibrosis extended into the media 
at several points. 
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CLINICAL DATA 


As seen in Table I, the 10 patients with rheumatoid arthritis who had vas- 
cular lesions varied in age from 30 to 65 years, and the duration of arthritis ranged 
from 3 months to 30 years. It is impressive that in this series every patient had 
subcutaneous nodules. The significance of this observation is not clear at this 
time. In our first reported series of 6 patients with arteritis‘? only 1 had sub- 
cutaneous nodules. In the group of 16 patients with rheumatoid arthritis and 
extensive visceral involvement reported by Sinclair and Cruickshank,*® 9 had 
arteritis but only 1 had subcutaneous nodules. In Ball’s collection® of 5 cases 
with rheumatoid arthritis and polyarteritis nodosa, subcutaneous nodules ap- 
peared in 3. The sheep cell agglutination titers in our series were markedly 
elevated in 3 cases (Cases 3, 5, and 8), the reaction being positive in serum dilu- 
tions of 2,048, 8,092, and 112,000. 

Two patients (Cases 1 and 9) had chronic inactive rheumatic heart disease. 
Two patients (Cases 2 and 5) had rheumatoid heart disease with mitral aortic 
and tricuspid valvulitis, interstitial myocarditis, and subacute coronary arteritis. 
One patient had a myocardial infarct from which he had recovered (Case 3) and 
another died 3 days after coronary thrombosis (Case 4). In both cases, coronary 
disease was due to atherosclerosis. Two patients experienced thrombophlebitis 
with pulmonary emboli (Cases 5 and 7). 

A prominent feature in 2 of 7 cases (2 and 6) with polyarteritis nodosa was 
neuropathy of cranial and peripheral nerves associated with motor and sensory 
changes. Persistent hypertension occurred in 4 cases with polyarteritis nodosa. 
In only one of these, the blood pressure before the administration of prednisone 
was known to be normal. By the sixth month of therapy it had risen from 124/76 
to 176/120. In the other 6 cases in this series the blood pressure was within 
normal limits. Splenomegaly, hepatomegaly, and lymphadenopathy were pres- 
ent in several cases. Only one patient (Case 7) had an allergic disease (‘‘hay 
fever’). 

All patients had an elevated ESR, only a few had leukocytosis and none 
leukopenia. Serologic tests for syphilis and L.E. cell tests were negative in all 
cases. Moderate anemia was present in less than half the cases. 


DISCUSSION 


Collins" stated that vascular lesions do not occur in rheumatoid arthritis 
except perhaps as a nonspecific component of the intrinsic inflammatory reaction 
of the affected tissues. Baggenstoss and Rosenberg! failed to note lesions in the 
visceral blood vessels in 30 necropsies of patients with rheumatoid arthritis. 
The arteritis described by Holsti®® in rheumatoid arthritis as well as in rheumatic 
fever is an artifact, in our opinion. 

Nevertheless, in a review of the literature on polyarteritis nodosa, Friedberg 
and Gross,”! in 1934, found 16 cases associated with rheumatic disease. Some 
of these cases were regarded as probable infectious or rheumatoid arthritis. 
Dawson!* stated that he had seen 3 instances of rheumatoid arthritis in which 
polyarteritis nodosa was found at necropsy. 
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That generalized polyarteritis was a frequent finding in rheumatoid arthritis 
was emphasized by Christie."’ Ball has cited a personal communication from 
Ross® that he found 8 instances of arthritis indistinguishable from rheumatoid 
arthritis in 104 histologically proved cases of polyarteritis nodosa. Graef* re- 
ported two instances of polyarteritis nodosa of coronary vessels in 66 cases of 
rheumatoid arthritis. Individual instances of polyarteritis nodosa occurring in 
rheumatoid arthritis havé been noted by Zeek*! and others,!°:!?:!8?2 in juvenile 
rheumatoid arthritis by Pirani and Bennett,*! by Froboese cited by Bini,® and 
in Sjégren’s syndrome.” 

The arteritis observed during our initial study of striated muscle in rheuma- 
toid arthritis did not possess distinctive histologic characteristics, but was be- 
lieved to be a specific manifestation of the disease because (1) it did not occur 
in striated muscle in conditions other than rheumatoid arthritis, with the excep- 
tion of other ‘‘collagen diseases’; (2) the process was limited to very small ar- 
teries; and (3) the histologic features of the inflammatory reaction were fairly 
constant: the cells infiltrated the adventitia primarily and the predominant cell 
type was large mononuclear. The lesions differed from those of polyarteritis 
nodosa principally in the lack of severe destruction of the wall. 

Arteritic lesions were subsequently reported in the heart,'* nerves,” at the 
margin of a subcutaneous nodule,®’ and infrequently in other viscera.7"*439 They 
were found to occur in the subcutaneous nodule with special frequency during 
the early phases of its formation.‘”? Previously arteritis at the margin of nodules 
had been reported by Dawson and Boots,’ and by Keil.??. Giordano* noted that 
in the period of appearance of subcutaneous nodules, arterial vessels may present 
fibrinous deposits in the endothelium. Bennett and co-workers* had observed 
the presence of thrombosed blood vessels in young nodules. This finding sug- 
gested to the latter observers that injury of blood vessels may sometime be an 
important factor in the development of the necrosis. Recently isolated instances 
of vasculitis in the articular tissues early in the course of rheumatoid arthritis 
have been reported by Kulka and co-workers® and by Sinclair and Cruickshank.*® 
The intimate association of inflammation of the blood vessels with the early 
nodule and the coexistence of similar vascular lesions in the striated muscle and 
synovial membrane of the same patients provided the basis for the concept that 
angiitis is a feature of rheumatoid arthritis and, moreover, that it plays a role 
in the development of other lesions associated with this disease. In the rheuma- 
toid granulomata, not only arteries but arterioles and capillaries are affected. 
Furthermore, in this lesion, unlike that in the striated muscle, occlusion of the 
lumen by fibrinlike material is seen. 

Among the cases in the present report are three instances of early formation 
of subcutaneous nodules (Cases 7 to 9), in each of which segmental necrosis and 
occlusion of small subcutaneous arteries has been found. Furthermore, in one 
of these patients, necrotizing arteritis was demonstrated in the striated muscle 
by biopsy (Case 7). In another patient (Case 10), early necrosis of the colla- 
genous synovial tissues of the elbow joint was clearly found to center about in- 
flamed capillaries. In the same patient, the lumen of a small artery adjacent to 
an older subcutaneous nodule was fibrotic and recanalized. Healed or chronic 
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arteritis was present in the sternoclavicular articular tissues of three patients 
who had arteritis, morphologically indistinguishable from polyarteritis nodosa, in 
the striated muscle or peripheral nerve, as well as several viscera. 

Consideration has been given to the possibility that vasculitis in rheuma- 
toid arthritis implies a kinship to systemic lupus erythematosus. The relation- 
ship of rheumatoid arthritis and systemic lupus erythematosus is uncertain 
although (1) a sizable proportion of patients with rheumatoid arthritis have 
positive L.E. cell tests—the figure has been estimated as high as 25 per cent in 
selected cases*’; (2) polyarthritis (often chronic and deforming) is a most common 
manifestation of lupus; (3) visceral lesions, particularly of the heart, are frequently 
found at necropsy in rheumatoid arthritis; and (4) positive sheep cell agglutination 
tests occur in a moderately high percentage of patients with lupus erythematosus. 
In 1950, Bauer commented? that he had seen 8 or 10 patients who had rheumatoid 
arthritis, associated vascular lesions, and positive L.E. cell tests. 

It is noted that in all the patients included in the present report the L.E. 
cell test was negative and other clinical and anatomic characteristics of lupus 
were absent. We have seen, however, several instances of apparently coexist- 
ing lupus and rheumatoid arthritis; in one of these arteritis was present. 

The incidence of necrotizing angiitis in rheumatoid patients with induced 
hyperadrenocorticalism has been viewed with some concern since long term hor- 
monal therapy has been widely used. Although steroid hormones have been 
employed successfully in suppressing polyarteritis nodosa, in clinical practice as 
well as in experimental animals, several investigators have noted the develop- 
ment of these lesions following administration of the steroid compounds or cor- 
ticotropin’:!*.*5 44 49 53 to patients with rheumatoid arthritis. Kemper, Baggen- 
stoss, and Slocumb®’ studied the vascular lesions found at necropsy in 54 patients 
with rheumatoid arthritis. Four of the 14 patients treated with cortisone had 
disseminated lesions of polyarteritis nodosa whereas none of 38 who had not 
received cortisone had such lesions. It is noteworthy, however, that in the group 
of 38 who had not received cortisone, vascular lesions found in 5 patients were 
considered to be of rheumatic fever origin, and ‘‘active acute vasculitis’”’ present 
in 3 additional cases was thought to be of a “‘nonspecific’’ nature. The authors 
concluded that “in certain susceptible patients with rheumatoid arthritis, the 
administration of cortisone may precipitate the development of diffuse necro- 
tizing arteritis.’’ Necrotizing vascular lesions with malignant hypertension have 
also been reported to complicate steroid treatment of scleroderma?® and poly- 
arteritis nodosa.!” 

On the other hand, as has already been pointed out, vascular lesions have 
been known to antedate these forms of therapy in rheumatoid arthritis. Of the 
four cases of polyarteritis nodosa complicating rheumatoid arthritis observed by 
Ball,® only one had been treated with cortisone. In 9 cases of acute, subacute, or 
healed arteritis associated with rheumatoid ‘‘disease’’ reported by Sinclair and 
Cruickshank,*® none had received corticotropin or steroids. Cruickshank was 
of the opinion that the damage to the vessel wall in these lesions was usually 
less severe than that encountered in polyarteritis nodosa." 

In the present series of 10 cases, there are 7 instances of disseminated arte- 
ritis in which the patients had been treated for many months with steroids or 
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corticotropin. In each of these cases there is at least one lesion that is histologi- 
cally indistinguishable from polyarteritis nodosa, although in many other vessels 
destruction of the wall is not a conspicuous feature of the arteritis. One patient 
with Sjégren’s syndrome, not included in this series because the joint symptoms 
were not typical of rheumatoid arthritis, although the sheep cell agglutination 
test was positive, was found to have, on biopsy of the sartorius muscle, arterial 
changes typical of polyarteritis nodosa (S55-1559). This patient had never 
received steroid therapy. In addition, we have had the privilege of examining 
necropsy tissues from two cases of steroid-treated rheumatoid arthritis studied 
at other institutions, in which lesions of polvarteritis nodosa were present. 

During the three years that followed the opening of the Clinical Center of 
the National Institutes of Health (July, 1953 to July, 1956), 6 patients with 
rheumatoid arthritis came to necropsy. Five of the 6 had received steroid therapy 
before or after admission to the Clinical Center for a period of several months 
or longer. Four of these 5 patients were found to have disseminated visceral 
arteritis. Although there are obvious statistical pitfalls in drawing firm con- 
clusions about the role of steroid therapy in potentiating the development of 
the vascular lesions, there certainly is room for serious concern. 

There is experimental information that cortisone may exert a deleterious 
influence on blood vessels in two circumstances: (1) Thomas*® has shown that 
cortisone favors development of the generalized Shwartzman reaction to injec- 
tion of meningococcal endotoxin in young rabbits; (2) focal ectasia and occlusion 
of glomerular capillaries develop in rabbits treated with cortisone.™ 

There are a number of questions that arise in relation to the interpretation 
of the specificity of the vascular lesions as a manifestation of rheumatoid arth- 
ritis. 

1. Why aren't the vascular lesions found consistently in rheumatoid arth- 
ritts? The complete answer to this question is not and cannot be forthcoming. 
Two obvious factors are the stage of development at which the tissues are ex- 
amined and the extent to which the lesions are sought. In 7 of the 9 early sub- 
cutaneous nodules we have studied, conspicuous vascular necrosis and occlusion 
have been present. Reference has already been made to other studies that have 
emphasized vascular occlusion in the early stages of nodule formation. It may 
be presumed that many of the vessels are consumed in the necrosis of the nodule. 
Furthermore, the angiitis may be manifest at a minute arborization of the vas- 
cular tree in the rheumatoid granuloma and have a short lifespan. Even when 
present, the lesions are frequently scanty and are identified only after numerous 
sections are made. Careful study of the margins of long-standing nodules will 
often disclose scarred arteries of the sort illustrated in Fig. 6. It cannot be con- 
cluded that these necessarily represent healed primary arteritis rather than a 
secondary reactive change. 

The inconstancy of angiitis in rheumatoid arthritis is likewise found in other 
collagen diseases. In rheumatic fever, it was found in 21 per cent of cases by 
Von Glahn and Pappenheimer®® but in more recent years the reported incidence 
has been only 5 per cent.*® In systemic lupus erythematosus, renal arteritis has 
been found in 40 per cent of one series.2? The incidence in generalized sclero- 
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derma is less certain, ranging from ‘‘few”’ in the series of Piper and Helwig*® to 
“very frequent” in that of Klemperer.*® It was present in each of 6 cases of 
systemic scleroderma we have studied, although we recognize this is a selected 
group. 

2. What ts the histological relationship of rheumatiod arteritis to polyarte- 
ritis nodosa? As originally conceived, rheumatoid arteritis was not characterized 
by an histologic specificity but it was distinguished from polyarteritis nodosa 
by less conspicuous mural necrosis, less widespread dissemination, and absence 
of thrombosis.‘748 It is true, as pointed out by Ball? and by others, that side 
by side with the well-recognized lesions of polyarteritis nodosa, a spectrum of 
other vascular lesions occurs in arteries, less often in arterioles and venules. It 
is Ball’s view that the variety of arteritic changes found in the rheumatoid patient 
all fall within the histologic variants of polyarteritis nodosa. He also points out 
that similar considerations apply to the arteritis of rheumatic fever—that the 
the arteritis described by Von Glahn and Pappenheimer is a part of the spectrum 
of polyarteritis nodosa that was found associated with rheumatic fever by Gross 
and Friedberg and by others. Rich* also, regards the arteritis of rheumatic 
fever as sharing with polyarteritis nodosa a basis in hypersensitivity. Never- 
theless, most authorities still classify rheumatic arteritis as a separate category 
of necrotizing arteritis rather than as polyarteritis nodosa. The reasons for 
separating rheumatic arteritis from polyarteritis nodosa apply to rheumatoid 
arteritis as well. 

3. What ts the pathologic significance of polyarteritis nodosa in rheumatoid 
arthritis? The nosologic status of polyarteritis nodosa has been a subject of 
much consideration. Three general categories of interpretation have been en- 
tertained: (1) polyarteritis nodosa is a disease in which a characteristic seg- 
mental necrosis and inflammation of arteries occurs; (2) polyarteritis nodosa is 
a histologic type of segmental necrotizing arteritis that in all instances is a 
manifestation of hypersensitivity; and (3) polyarteritis nodosa is a histologic 
type of necrotizing arteritis that may arise from diverse origins. Most pathol- 
ogists accept the existence of an allergic origin to certain instances of polyarte- 
ritis nodosa and Rich has produced lesions of this sort by anaphylaxis in rabbits.” 
Zeek has distinguished, on histologic grounds, between true polyarteritis nodosa 
and hypersensitivity angiitis.** The occurrence of granulomatous lesions in 
association with arteritis occurs at times under a circumstance in which hyper- 
sensitivity has been implicated in the etiology. 

Nevertheless, there also occurs a variety of instances of clinical and ex- 
perimental arteritis, morphologically indistinguishable from polyarteritis nodosa, 
in which no etiology in hypersensitivity has been established and in which other 
etiologic factors may well be operating. Outstanding among these is hyperten- 
sion, as has been noted in man by Wilens and Glynn, Knowles, Zeek, and Blan- 
kenhorn,®! and Bank.‘ In rats, renal infarction has been found by Koletsky® to 
induce polyarteritis nodosa independently of hypertension. Pulmonary ar- 
teritis, having many of the morphologic features of polyarteritis nodosa, has 
been produced in guinea pigs by intravenous introduction of cotton, foreign 
body emboli.*! These and many other clinical and experimental bases® for a 
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polyarteritis nodosa type of tissue reaction are recorded. For this reason, we 
believe it reasonable to regard the polyarteritis nodosa observed in the patient 
with rheumatoid arthritis as an exaggerated form of rheumatoid arteritis, i.e., 
arteritis as a specific manifestation of rheumatoid arthritis. There is no evi- 
dence at the present time for concluding that the arterial and articular mani- 
festations of rheumatoid arthritis are etiologically related to hypersensitivity. 

4. What relationship do the perivascular infiltrates of lymphocytes 1n the 
striated muscle and other structures in rheumatoid arthritis bear to rheumatoid 
arteritis? In 1945, Freund, Steiner, and associates”® described a distinctive lesion 
of striated muscle in rheumatoid arthritis. It was characterized by focal com- 
pact infiltration of lymphocytes and small numbers of other chronic inflammatory 
cells in and about the muscle fibers. The infiltrate closely resembled the ‘‘lym- 
phorrhage’”’ seen in the striated muscle in myasthenia gravis with the exception 
noted by Russell,** that in rheumatoid arthritis the cells are closely related to 
minute vessels, capillaries, and sometimes arterioles and venules. Because of 
the minute caliber of these vessels, it is difficult to distinguish between peri- 
vascular and intrinsic, albeit adventitial, angiitis. Many pathologists accept such 
lesions as true angiitis.*°® Such infiltrates are conspicuous in the synovial mem- 
brane in rheumatoid arthritis and the young subcutaneous nodule. There are 
rare instances in which serial sections of such lesions lead to areas of unquestion- 
able mural necrosis or inflammation of vessels of somewhat greater thickness. 
Nevertheless, as Kulka and co-workers point out,®* such changes occur in almost 
any chronic inflammatory process but their pathogenesis and significance are 


not known. It may be stated, however, that in rheumatoid arthritis, there is 
no frequent association between the occurrence of these infiltrates in striated 


muscle and arteritis or polyarteritis nodosa. 


SUMMARY AND CONCLUSIONS 


The occurrence of inflammatory vascular lesions in rheumatoid arthritis is 
becoming more commonly recognized. The lesions present a wide spectrum of 
changes, varying in their histologic character, location, and frequency in different 
patients. In a proportion of cases, they cannot be distinguished from poly- 
arteritis nodosa. The increasing frequency with which the changes are seen 
currently, offers cause for concern that in many instances they may possibly 
result from the deleterious effect of steroid therapy. Nevertheless, such changes 
unquestionably have occurred in patients who had never been treated with these 
compounds and there is, at present, no substantial basis to estimate the magni- 
tude of the postulated increased risk of their occurrence as a result of such therapy. 
As in many other circumstances, the enhanced interest in the subject must in- 
crease the frequency and diligence with which the lesions are sought, found, 
and reported. 

Evidence has been presented that inflammatory changes in the arteries are 
a conspicuous feature of the development of the early subcutaneous nodules of 
rheumatoid arthritis, and that these are at times associated with arteritis in the 
striated muscle, synovial tissue, and elsewhere in the same patient. These con- 
siderations suggest that the vascular inflammation is an integral feature of rheu- 


Volume § VASCULAR LESIONS 685 


matoid arthritis. Thus, polyarteritis nodosa in rheumatoid arthritis may be 
interpreted as an exaggerated form of rheumatoid arteritis rather than as an 
independent or incidental finding. 

Although the observations provide an additional feature of similarity to the 
several that are already known to exist among the so-called ‘‘collagen”’ diseases, 
they cannot necessarily be interpreted as proof that these disorders share a 
common etiology or pathogenesis, or that hypersensitivity is an important mecha- 
nism in their development. Thus, in scleroderma, arteritis frequently is asso- 
ciated with development of malignant hypertension and factors related to the 
hypertension may be critical in the pathogenesis of arterial lesions. In other 
circumstances, necrotizing angiitis is clearly related to hypersensitivity. 

Until more definitive methods for determining the pathogenetic significance 
of the vascular lesions are available, it would seem to us desirable to retain the 
concept of a rheumatoid arteritis, that is, arteritis as a specific manifestation of 
the disease and one that contributes, at least occasionally, to the development 
of the granulomatous lesions that characterize rheumatoid arthritis. 


ADDENDUM 


After this series of cases was collected, two additional patients with rheu- 
matoid arthritis died. One patient had been treated with steroids, but crypto- 
coccosis supervened. Necrotizing arteritis was present in the pancreas and periph- 
eral nerve (A56-158). The second patient, also treated with steroids, had necro- 
tizing arteritis only in peripheral nerves (A57-33). 


We wish to acknowledge with gratitude the referral of Cases 6 and 9 by Dr. Charles W. 
Wainwright, Arthritis Clinic, Johns Hopkins Hospital; Case 10 by Dr. William R. Felts, Jr., 
Arthritis Clinic, George Washington University Hospital; and permission to include Case 1 by 
Dr. Marvin Kuschner, Bellevue Hospital. 
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N RECENT years, certain clinical similarities have been noted between 
systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), and the 
group of syndromes associated with various types of arterial inflammation.” 
This has led to the speculation that these clinical similarities may denote a closer 
fundamental relationship, particularly with regard to their pathogenesis. The 
clinical picture of each of these syndromes is extremely varied, and in only one, 
SLE, is a specific diagnostic test available.* 
To begin with SLE, which may be defined more specifically than the others, 
little is known of its pathogenesis other than the suspected role of hydralazine? 


as a primary causal agent in certain patients, and sunlight as a provocative agent 


in other patients. 

The syndromes associated with inflammation of blood vessel walls or angiitis 
are extremely varied. Efforts to single out groups having clinical and possibly 
prognostic similarities* hardly seem worth while when there is such a wide vari- 
ation in these features. Also the morphologic features reported have changed. 
Typical periarteritis nodosa with nodular excresences on arterial walls and mas- 
sive eosinophilia has been reported less frequently in recent times. This may 
reflect the frequency with which, in the current literature,‘ the usual case report 
describes extensive involvement of blood vessel walls with a nonspecific inflam- 
matory process which may include necrosis of the wall or only a perivascular 
cuffing of inflammatory cells. Additional clinical pathologic correlations have 
been observed. Muscle biopsies showing angiitis have been described in pa- 
tients with severe penicillin reactions and in severe rhus dermatitis. We have 
seen hematuria during a penicillin reaction that is probably a reflection of this 
process in the glomeruli. An elementof angiitis may also exist in similar milder 
reactions due to hypersensitivity. If this viewpoint is carried to its logical 
conclusion, one will realize that only patients with severe disease are actually 
labeled with the diagnosis of angiitis and that many others recover without 


*This point remains at issue since there are numerous reports suggesting the nonspecificity of the 
L. E. test. However, when the technique is rigidly standardized, the number of false positives is re- 
latively small’ and more and more evidence has appeared to verify its specificity, although its sensitivity 


may be limited. 
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benefit of an appropriate label. With the known inadequacy of the random 
muscle biopsy, it is even more apparent that a definite diagnosis of angiitis 
frequently can be made only in the patient with a fatal outcome where adequate 
histologic investigation can be carried out. In this syndrome, the patients 
who die are those in whom the arterial inflammation and subsequent interference 
with blood supply happens to localize in a vital area. Numerous instances of 
healed inflammatory lesions have been documented. Thus, if the lesion heals, 
and, in the process, does not infarct a vital area, the patient will recover and 
no clue to the basis of the illness will be available. Therefore, when we discuss 
angiitis, we probably include only a small portion of the total group with the 
disease. The selection definitely favors a high incidence of patients with fatal 
disease. In this period of change and confusion, it would seem more reasonable 
to lump these syndromes together as arterial inflammation or angiitis rather 
than to attempt, in complete ignorance, to classify them into small, probably 
specious groupings.’ 

With regard to pathogenesis, animal experiments have shown that an in- 
flammatory arterial lesion can be produced by the injection of heterologous 
serum® or a component of it. These substances are believed to serve as anti- 
gens. The reaction leading to the formation of these lesions appears to be self- 
limited. In the patient with angiitis, an antigen is frequently not detected 
and the disease may be self-perpetuating. In order to explain the discrepancies 
between the patient with angiitis and the animal disease, the phenomenon of 
autosensitization has been postulated. This postulate remains unproved but 
is our best guess to date. 

In the last of the three clinical syndromes under discussion, rheumatoid 
arthritis, there is also disagreement as to criteria for diagnosis (particularly in 
the patient with early disease), poor prognostic yardsticks, and an abysmal 
ignorance of pathogenesis. Efforts are being made by a Committee of the Ameri- 
can Rheumatism Association to elucidate the problem of diagnostic criteria, 
but it will probably take years of careful, arduous study to place the clinical 
diagnosis of early rheumatoid arthritis on a firm foundation. The serologic 
tests for rheumatoid arthritis, when positive, have been found to be fairly spe- 
cific diagnostic indicators. They may, however, be positive in the serum of 
patients with SLE and angiitis, so are of limited aid in distinguishing these 
three disease patterns. Even in late disease, one cannot be certain one is deal- 
ing with rheumatoid arthritis alone since the advent of the L.E. preparation. 
For example, a patient in our clinic with typical rheumatoid arthritis for 10 
years and positive serologic reactions, has developed a hemolytic anemia and 
a positive L.E. preparation. When this occurred, the question was raised 
whether she had SLE for 10 years or had just recently developed it. An answer 
is dificult to arrive at in view of two features. First, Moore’? has shown that 
the L.E. preparation may become positive only in the latter stages of the disease 
after a long asymptomatic period in which the only abnormality was a biologic 
false positive serologic test for syphilis. Second, since the patient has had rheu- 
matoid arthritis by all criteria available to us, one must still consider that this 
has existed for 10 years even though SLE has apparently supervened. 
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Prognosis of the patient with rheumatoid arthritis is difficult in all but the 


most advanced and severe instances of the disease. Even at this level of great 


severity, we have been surprised by a sudden and totally unforeseen partial 
remission. In early disease, particularly in mild, early disease, these difficulties 
in prognosis have made therapeutic evaluation hazardous and have helped to 


fill the field with its many charlatans. Short and Bauer® have developed certain 


clinical prognostic indices and we® have used one of the older serologic reactions, 


the agglutination of group A hemolytic streptococci, as a prognostic guide, but 
in all these efforts there are many exceptions and prognosis is on a statistical 
basis which can scarcely be applied to the individual patient. 

When discussing the pathogenesis of rheumatoid arthritis, to say other 
than that it is unknown, places one in the soothsayer class since nothing really 
is known about the factors which make an individual with this disease remit, 
exacerbate, or develop it in the first place. 

We are, therefore, discussing the relationship of three clinical syndromes, 
each of which has an extremely varied clinical picture, great difficulties in diag- 
nosis and prognosis, and only working hypotheses to offer in relation to patho- 
It is possible, therefore, that the relationship may be close or there 
The discussion must be conducted at the clinical level, 


genesis. 
may be none at all. 
using the time honored but possibly inaccurate tools of the history, the physical 
findings, and morphologic pathology. Until we can deal with dynamic mecha- 
nisms which have some specificity, we cannot speak with assurance about these 
diseases individually and certainly not about their relationships to each other. 

In a discussion of the relationship of a group of syndromes, the similarities 


and distinguishing features must be considered. This will be done at three 


levels—morphologic, i.e., histologic; clinical; and serologic. 


MORPHOLOGIC (HISTOLOGIC) CONSIDERATIONS 


There seems little difference of opinion that at least @ primary lesion in 
both angiitis and SLE is of vascular origin,!® and there is growing weight of evi- 
dence that one primary lesion in rheumatoid arthritis also involves blood vessels, 
particularly in the genesis of the nodule.'! It might be stated as an oversimpli- 
fied generalization that the vascular lesion in angiitis is manifested primarily 
by inflammation (particularly the cellular components), that in SLE, by necrosis 
with the peculiar fibrinoid response, and in rheumatoid arthritis by an over- 
growth of blood vessel elements as in Sokoloff’s'' concept of the formation of 
In each picture there may be elements of all three processes in- 


the nodule. 
In some 


termingling but the general pattern holds true for the initial lesion. 
of the more exotic variants such as Wegener’s syndrome” and malignant rheu- 
matoid arthritis," all three elements appear in the most florid forms. 

The distribution of the vascular lesions in each syndrome is, of course, 
intimately correlated with the clinical picture. In angiitis, the lesion may 
appear in any blood vessel in the body but our clinical attention is frequently 
not directed toward it until some vital area—the kidney, brain, or myocardium— 
is affected. There is no special predilection for involvement of one particular 
blood vessel. Various eponyms have been attached to syndromes where the 
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Number 6 


major involvement lies in one particular organ system, e.g., Loeffler’s for the 
lungs, and Wegener’s when the upper respiratory tract and kidneys are affected. 
These particular localizations cannot in the present state of our ignorance be used 


to invoke a specific pathogenesis. 

In SLE, the sites stated to be most commonly involved are the kidneys, 
spleen, and brain.'* This again may reflect the interest of the clinician and the 
pathologist in these vital areas which give warning signs when the patient is 
alive and are surveyed with particular care at autopsy. When other areas such 
as muscle, synovial lining, pleura, pericardium, and skin are carefully searched, 
lesions are not infrequently found. There is one distinguishing feature of SLE 
which is considered by many to be specific, namely, the hematoxylin body. 
This is probably composed of the same material present in the L.E. cell and 
is commonly found in lymph nodes and other nuclear tissues. The composition 
of this material is now a matter of histochemical debate. Originally, it was 
thought to be depolymerized desoxyribonucleic acid.“ Recent evidence would 
indicate it represents nuclear material from which the histone has been removed.'® 

The lesion which is most typical of rheumatoid arthritis is the rheumatoid 
nodule. When apparent clinically, it appears over pressure points such as the 
juxta-articular region of the olecranon, the spine of the scapula, and the occiput. 
Its morphologic appearance is well known. Its genesis has been a matter of 
dispute but in recent years Sokoloff’s concept" that it originates from highly 
vascular granulation tissue has gained general acceptance. Small vascular 
lesions actually indistinguishable from a mild form of angiitis may be found!’ 
in carefully searched random muscle biopsies of patients with obvious rheu- 
matoid arthritis. In what has been termed malignant rheumatoid arthritis," 
nodular lesions may be found throughout the body in various viscera. The 
genesis of the nodule may be demonstrated in these patients quite logically, 
according to the hypothesis set forth by Sokoloff. These patients certainly 
represent a morphologic link between angiitis and rheumatoid arthritis although, 
from the viewpoint of history, physical examination, and serologic reactions, 
they represent severe, far-advanced rheumatoid arthritis with intense and sus- 
tained activity. Various opinions have been expressed in an attempt to desig- 
nate this type of syndrome: malignant rheumatoid arthritis,!* polyarteritis 
in rheumatoid arthritis,'® the arteritis of rheumatoid arthritis,!? and visceral 
lesions in rheumatoid arthritis.*° (Table J.) 


CLINICAL CONSIDERATIONS 


The clinical pictures of SLE“ and of rheumatoid arthritis*! have been 
described more than adequately in numerous monographs. Clinical descriptions 
of a large group of patients with angiitis are rare as the disease has widely varied 
manifestations making an ‘‘average patient’”’ pattern difficult. No attempt, 
therefore, will be made to describe the three diseases in clinical detail but their 
similarities and differences will be discussed. 

In recent years, the chronic nature of SLE has become apparent from the 
work of Moore and his associates’ in the study of false-positive serologic tests 
for syphilis. With the widespread use of the L.E. preparation as a bellwether, 
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the existence of this disease has often been determined at a time when the clini- 
cal picture would be insufficiently defined to reach a diagnosis. The element 
of chronicity is not usually present in angiitis and the current impression is that 
in most instances angiitis represents a disease of relatively short duration. Be- 
cause a definite diagnosis is often made only when the vascular lesions involve 
vital areas, both SLE and angiitis frequently end fatally. The joint lesion in 
rheumatoid arthritis is, however, obvious to even the casual observer, and the 
chronicity of this syndrome is well known. It is becoming apparent to all that 
remissions and exacerbations are seen frequently in SLE. In the last few years, 


TaBLe I. Systemic Lupus ERYTHEMATOSUS, ANGIITIS, AND RHEUMATOID ARTHRITIS 
(DISTINGUISHING FEATURES) 


SYSTEMIC LUPUS | RHEUMATOID 
ERYTHEMATOSUS | ANGIITIS ARTHRITIS 


Characteristic blood vessel | | Cellular inflam- Overgrowth of 
involvement | | mation small vessels 
Rheumatoid nodule | 


Serologic reaction 
L.E. preparation 
Serologic tests for rheumatoid 
arthritis 


Clinical features 

Joint involvement— 
arthralgias 
chronic deforming arthritis 

Ultraviolet sensitivity 

Renal involvement 

Retinal changes 

Skin rashes 

Thrombocytopenia 

Hemolytic anemia 


Constitutional symptoms 


Fever 


Central nervous system lesions 


Peripheral nerve lesions 


*If one assumes that SLE developing in a patient with florid rheumatoid arthritis represents the 
appearance of a second disease. 

+If one adopts the point of view that malignant rheumatoid arthritis does not represent angiitis. 

tIf one accepts the specificity of the L.E. phenomenon. 

§In the absence of amyloid. 

|Excluding the possibility that thrombotic thrombocytopenia represents an angiitis. 

Trends alone are shown in the table. The scarcity of unqualified zeros is apparent, reflecting the 
difficulty in making a clear-cut distinction between the three syndromes. 


two types of clinical courses have been emphasized in rheumatoid arthritis, the 
episodic and the sustained.” If followed long enough, the ‘‘average patient”’ 
usually represents a mixture of the two types in various combinations. The 
development of irreversible damage to the musculoskeletal system may make 
the assessment of a complete remission difficult. In contrast to this, the vascular 
lesions of SLE or angiitis may subside leaving no clinically detectable damage 
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and an apparently complete remission will be observed in a fashion comparable 
to that seen in acute glomerulonephritis. Thus, on the basis of the average 
patient, the natural history of the three diseases may show striking differences 
which may be more apparent than real. 

Ultraviolet sensitivity preceding the onset of an acute SLE, particularly 
but not exclusively its dermatologic manifestations, has been commonly ob- 
served. Such a relationship has not been noted to occur in rheumatoid arthritis 
or angiitis. 

Multiple system involvement, i.e., renal, cardiac, pulmonary, central, or 
peripheral nervous system, should invoke the suspicion of SLE or angiitis rather 
than rheumatoid arthritis. It is only the exceptional patient with rheumatoid 
arthritis who develops such systemic manifestations as seen in the malignant 
form of the disease, and the final distinction in these patients often must wait 
for histologic confirmation. 

Skin involvement is more frequently associated with SLE than with angiitis 
or rheumatoid arthritis. The typical butterfly lesion apparently has become 
less prevalent since the medical profession has become aware of the high fre- 
quency of SLE in the sick population, but when it does develop it must be con- 
sidered pathognomonic for that disease. The predilection of SLE for young 
females should arouse a suspicion of this disease when symptoms appear in this 
age and sex group. 

Thrombocytopenia with purpura is seen most frequently in SLE, although 
some consider the syndrome known as thrombotic thrombocytopenia purpura 
to be a form of angiitis. In rheumatoid arthritis, thrombocytopenia not related 
to chrysotherapy is seen commonly only in Felty’s syndrome, which represents 
in essence rheumatoid arthritis with hypersplenism. An hemolytic anemia of 
a severe degree is also more usually associated with SLE, although there is evi- 
dence to indicate that a mild hemolytic component is present in the anemia of 
certain patients with rheumatoid arthritis.*> No published information was 
found to incriminate a hemolytic component in the anemia of angiitis. 

The clinical similarities of these three syndromes are many. Joint involve- 
ment is characteristically chronic and destructive in rheumatoid arthritis. It is 
characteristically fleeting and nondestructive in SLE and angiitis, but numerous 
instances of chronic deforming arthritis have been reported in both SLE and 
angiitis. In episodic rheumatoid arthritis, the joint lesion need not necessarily 
be destructive. In palindromic rheumatism which is thought by many to repre- 
sent a prodromal manifestation of rheumatoid arthritis, one diagnostic criterion 
is absence of joint damage. Ropes has shown a difference in the synovial fluid 
hyaluronate in SLE and rheumatoid arthritis.4 Whether this difference is 
wholly definitive is not established, since it appears from the protocols that the 
joint involvement in these patients with SLE was rather acute. We have one 
patient with chronic rheumatoid arthritis who subsequently developed SLE. 
The joint fluid removed from her knee on several occasions showed the charac- 
teristics of a low-polymer hyaluronate which we have associated with rheumatoid 
arthritis. 

General symptoms of weight loss, fatigue, listlessness, aching, and even 
muscle stiffness are seen in all three syndromes. Fever of significant degree 
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is rare in the patient with uncomplicated rheumatoid arthritis. It is seen fre- 
quently in SLE and angiitis. Retinal lesions are rarely seen in rheumatoid 
arthritis. The cytoid body is assumed to be seen only in SLE, but it is difficult 
for the uninitiated to distinguish this abnormality from an exudate. Hemor- 
rhages may be seen in both SLE and angiitis. 

Renal abnormalities, such as hematuria, albuminuria, and azotemia, are 
commonly observed in SLE and angiitis, but are rare in rheumatoid arthritis 
in the absence of amyloid. Hypertension is also seen commonly with SLE and 
angiitis, but in rheumatoid arthritis it seems to parallel the frequency seen in 
the general population. 

Evidence of central nervous system damage, particularly convulsions, 
seems to be observed clinically more frequently in SLE than in the other two 
syndromes. Peripheral nerve lesions have been observed in all three disease 
patterns, possibly more frequently in angiitis. 

In certain instances, the clinical picture may be identical, but multiple 
system involvement points away from rheumatoid arthritis toward SLE or 
angiitis. The definite distinction between the latter two must rest upon the 
development of a characteristic clinical lesion for SLE or a positive L.E. prepa- 
ration if the latter be accepted as a phenomenon pathognomonic of SLE. A 
diagnosis of angiitis can only be made by exclusion or possibly by a positive 
biopsy. 


SEROLOGIC CONSIDERATIONS 


Several serologic reactions are associated with these syndromes. Mention 
has been made above of the L.E. phenomenon. It is our feeling that this is a 
relatively specific biologic reaction when the technique is rigidly standardized. 
On the other hand, the serologic reactions seen in rheumatoid arthritis, the 
streptococcal agglutination, sensitized sheep cell, F II reaction, and precipitin 
with gamma globulin, are seen rather commonly in all three diseases, rheumatoid 
arthritis, SLE, and angiitis.*°°6 A rough approximation would be that these 
are positive in 70 per cent of the patients with rheumatoid arthritis (95 per cent 
of those with nodules), 25 to 60 per cent of patients with SLE, and 20 to 40 per 
cent of patients with angiitis. It has been known for a long time that the serum 
of patients with rheumatoid arthritis may form a spontaneous precipitate on 
standing, particularly when cooled.?’ This differs from the usual chryoglobu- 
lin in that it does not return to solution on warming to 37°C. This phenomenon 
may also be seen in SLE and in angiitis. True chryoglobulins, which dissolve 
on warming, have been observed in angiitis.2* In the past, the precipitin re- 
action for trichinella was thought to be positive frequently in angiitis but the 
reaction is too nonspecific to be of much value. Various protein abnormalities 
such as hyperglobulinemia (Howe method) and elevated gamma and alpha-2 
globulins are often seen in each of these three syndromes, the intensity probably 
depending upon the severity and chronicity of the process. It does seem possible 
that a positive cephalin flucculation may be observed more frequently in SLE, 
and a false positive biologic serologic test for syphilis is definitely seen more fre- 
quently in SLE than in the other two disease patterns. 
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SUMMARY 


An attempt has been made to describe the relationship between three syn- 
dromes which not infrequently present a similar clinical picture and may 
have in common certain histologic and serologic features. It is not possible at 
the present time to state whether or not these features indicate similarities 
in pathogenesis. 

Definite distinction between these syndromes is frequently impossible te- 
cause of lack of knowledge of both pathogenesis and a predictable natural history. 
In many instances, however, the distinction may be reached on clinical grounds, 
particularly when multiple systems are involved. Some help may be found in 
utilizing certain serologic reactions which point the way to an approximation 
of an accurate diagnosis. An attempt to distinguish between the three syn- 
dromes is of importance because of differing prognoses in each and because the 
philosophy of management suitable to each differs. Hazardous measures which 
may be lifesaving in an acute phase may be considered when a potentially fatal 
disease, e.g., SLE or angiitis, needs to be controlled. 


REFERENCES 


Hazerick, J. R.: Evaluation of Three Diagnostic Procedures for Systemic Lupus Erythe- 
matosus, Ann. Int. Med. 44:497, 1956. 
Dustan, H. P., Taylor, R. D., Corcoran, A. C., and Page, I. H.: Rheumaticand Febrile 
Syndrome During Prolonged Hydralazine Treatment, J. A. M. A. 154:23, 1954. 
Blankenhorn, M. A., Zeek, P., and Knowles, H. C., Jr.: Periarteritis Nodosa and Other 
Forms of Necrotizing Angiitis: A Clinical and Pathological Correlation, Tr. A. Am. 
Physicians 66:156, 1953. 

Robinson, W. D., and Others: Annual Rheumatism Review, Ann. Int. Med. (In press.) 

Rich, A. R.: Hypersensitivity in Disease, Harvey Lect. 42:106, 1946-47. 

Hawn, C. v. Z. and Janeway, C. A.: Histological and Serological Sequences in Experimental 
Hypersensitivity, J. Exper. Med. 85:571, 1947. 

Moore, J. E., and Lutz, W. B.: The Natural History of Systemic Lupus Erythematosus: 
An Approach to its Study Through Chronic Biologic False Positive Reactors, J. Chron. 
Dis. 1:297, 1955. 

Short, C. L., and Bauer, W.: Course of Rheumatoid Arthritis in Patients Receiving Simple 
Medical and Orthopedic Measures, New England J. Med. 238:142, 1948. 

Ragan, C.: Rheumatoid Arthritis: The Natural History of the Disease and its Manage- 
ment. Bull. New York Acad. Med. 27:63, 1951. 

Sokoloff, L.: Some Aspects of the Pathology of Collagen Diseases, Bull. New York Acad. 
Med. 32:760, 1956. 

Sokoloff, L., McCluskey, R. T., and Bunim, J. J.: Vascularity of the Early Subcutaneous 
Nodule of Rheumatoid Arthritis, A. M. A. Arch. Path. 55:475, 1953. 

Godman, G. C., and Churg, J.: Wegener’s Granulomatosis. Pathology and Review of the 
Literature, A. M. A. Arch. Path. 58:533, 1954. 

Bevans, M., Nadell, J., Demartini, F., and Ragan, C.: The Systemic Lesions of Malignant 
Rheumatoid Arthritis, Am. J. Med. 16:197, 1954. 

Harvey, A. McG., Shulman, L. E., Tumulty, P. A., Conley, C. L., and Schoenrich, E. H.: 
Systemic Lupus Erythematosus. Review of the Literature and Clinical Analysis of 
138 Cases, Medicine 33:291, 1954. 

Klemperer, P., Gueft, B., Lee, S. L., Leuchtenberger, C., and Pollister, A. W.: Cytochemical 
Changes of Acute Lupus Erythematosus, Arch. Path. 49:503, 1950. 

Godman, G. C., Deitch, A. D., and Klemperer, P.: On the Composition of the Hematoxylin 
Bodies of Systemic Lupus Erythematosus, Am. J. Path. 32:616, 1956. 

Sokoloff, L., Wilens, S. L., Bunim, J. J., and McEwen, C.: Diagnostic Value of Histologic 
Lesions of Strated Muscle in Rheumatoid Arthritis. Am. J. M. Sc. 219:174, 1950. 

Robinson, W. D., French, A. J., and Duff, I. F. Polyarteritis in Rheumatoid Arthritis, 
Ann. Rheumat. Dis. 12:323, 1953. 

Cruickshank, B.: The Arteritis of Rheumatoid Arthritis, Ann. Rheumat. Dis. 13:136, 1954. 

Gruenwald, P.: Visceral Lesions in a Case of Rheumatoid Arthritis, Arch. Path. 46:59, 1948. 

Ragan, C., and Snyder, A.: Rheumatoid Arthritis, Disease-a-Month, Chicago, 1955, 
Yearbook Publishers, Inc. 


J. Chron. Dis. 
RAGAN June, 1957 


Short, C. L., Reynolds, W. E., and Bauer, W.: Rheumatoid Arthritis With Remissions: 
A Study of 80 Patients, Ann. Rheumat. Dis. 13:362, 1954. 

Ebaugh, F. G., Jr., Peterson, R. E., Rodnan, G. P., and Bunim, J. J.: The Anemia of 
Rheumatoid Arthritis, M. Clin. North America 39:489, 1955. 

Ropes, M. W., and Bauer, W.: Synovial Fluid Changes in Joint Disease. Cambridge, 1953, 
Harvard University Press. 

Jessar, R. A., Lamont-Havers, R. W., and Ragan, C.: Natural History of Lupus Erythe- 
matosus Disseminatus, Ann. Int. Med. 38:717, 1953. 

Jacobson, A. S., Kammerer, W. H., Wolf, J., Epstein, W. V., and Heller, G.: The Hemag- 
glutination Test for.Rheumatoid Arthritis: III. Clinical Evaluation of the Sheep 
Erythrocyte Agglutination (S. E. A.) Test and the Gamma Globulin (F II) Tests, 
Am. J. Med. 20:490, 1956. 

Chasis, H., and McEwen, C.: Precipitin Reactions Between Hemolytic Streptococci of 
Various Groups and Immune and Rheumatoid Arthritic Sera, J. Immunol. 31:439, 
1936. 

Lepow, H., Rubenstein, L., Woll, F., and Greisman, H.: A Spontaneously Precipitable 
Protein in Human Sera, With Particular Reference to the Diagnosis of Polyarteritis 
Nodosa, Am. J. Med. 7:310, 1949. 

Ball, J.: Rheumatoid Arthritis and Polyarteritis Nodosa, Ann. Rheumat. Dis. 13:277, 1954. 

Skogrand, A.: Visceral Lesions in Rheumatoid Arthritis, Acta rheumat. scandinav. 2:17, 
1956. 


CONSERVATIVE THERAPY IN RHEUMATOID ARTHRITIS 


MARIAN W. Ropes, M.D. 


Boston, MAss. 


From the Medical Clinic of the Massachusetts General Hospital, the Department of Medicine, Harvard 
Medical School and the Massachusetts Department of Public Health 


(Received for publication Feb. 5, 1957.) 


HEUMATOID arthritis remains a disease of unknown etiology and of varied 

manifestations involving almost all systems of the body. The course, 
similarly, varies to a marked degree from patient to patient and in individual 
patients. The tendency for unpredictable spontaneous remissions and exacer- 
bations makes it extremely difficult to evaluate the results of any treatment. 

The ability of ACTH and cortisone to reduce dramatically the symptoms 
and signs of rheumatoid arthritis has been unequivocally demonstrated. Hydro- 
cortisone, prednisone, prednisolone, and other steroids have a similar effect. 
Despite the dramatic anti-inflammatory action of these agents, however, we 
are without evidence that they alter fundamentally the natural course of the 
disease. In fact, continued progression of disease, as demonstrated by increased 
x-ray changes, is known to occur and in the majority of patients there is no in- 
dication that any healing can be attributed to hormone therapy. Similarly, in 
the case of the many other suggested treatments, no evidence of any true curative 
effect has been adduced and continued progression of disease has been noted in 
many patients. These treatments include gold and butazolidine and also those 
of more questionable symptomatic value: vitamin D in massive doses, the com- 
bination of desoxycorticosterone acetate and ascorbic acid, pregnenolone, Pros- 
tigmine, cobra venom, bee venom, removal of foci of infection, vaccines, sulfur, 
copper, thiouracil, placental “‘serum,’’ post-partum blood, antimalarials, and 
nitrogen mustard. Furthermore, with some of these forms of treatment, includ- 
ing steroids, the attendant risks are great and may increase with use of the medi- 
cation in high doses or for a long period of time. Whether such risks are war- 
ranted, in the absence of demonstration of curative value of the treatment, must 
be decided in each individual case. 

Even if we did have a ‘‘specific’’ therapy, i.e., one that produces complete 
reversal of all manifestations of the disease, many features of the so-called con- 
servative program would still be indicated and, in the absence of any such ther- 
apy, this program becomes of major importance. The rationale of such a regime 
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is to care for the inflamed joints in such a manner as to decrease inflammation 
and preserve function, and if possible to increase the patient’s resistance and 
support. The value of such therapy in improving joint and muscle function is 
without question, but whether or not it alters the course of the disease is as 
difficult to determine as in the case of any of the treatments mentioned above, 
because of the extreme: fluctuations in the natural course of the disease. 

Attempts to prove the value of such a regime on the basis of statistical 
evidence have been unsuccessful. Such difficulty might be expected in the case 
of a disease in which accurate diagnosis is difficult; the course in individual pa- 
tients is entirely unpredictable; and the determination of the degree of activity 
of the disease in any patient at any definite point in time is unsatisfactory. Since 
it is often impossible even in any one patient to determine whether or not a 
treatment has reduced the activity of the disease, it is obviously, therefore, 
equally impossible to state accurately the percentage of patients improved by 
any course of therapy. The similarity in the percentage of patients who show 
improvement under a great variety of treatments is merely the expression of 
this difficulty in evaluation, and may well represent the natural course of the 
disease. 

Careful follow-up studies have been carried out in three groups of patients 
in an attempt to determine the course of the disease under the conservative 
regime. A series of 250 unselected patients receiving simple medical and ortho- 
pedic measures were observed by Short and Bauer! for an average of 914 years 
with a range of 6 months to 16 years. When reported, 53 per cent were in re- 
mission or definitely improved. In a similar series of 374 patients followed by 
Ragan? from 5 to 20 vears with an average of 11 years, 48 per cent were in re- 
mission or markedly improved. More recently in a series of 282 patients fol- 
lowed by Duthie?’ for a shorter interval (an average of 2 years), 71 per cent were 
classified as improved or markedly improved. In terms of the percentages of 
patients in remission or markedly improved, (48 to 71 per cent) these results 
compare favorably with those reported by various workers after treatment 
with gold or hormones.*-!° However, the difficulty in evaluating the percentage 
of patients improved after any therapy has already been discussed. It cannot 
at present be proved statistically that the conservative regime, or any other 


therapy, alters the natural course of the disease. Conclusive evidence on this 
point would be of utmost value. In its absence one can merely discuss the various 


aspects of the regime and their apparent value. 

Only by following many patients over long periods of time can one estimate 
empirically the role of the conservative regime. As stated above the objective 
of this regime is to decrease joint inflammation and prevent or lessen deformities. 
Involved in this objective are the reduction of wear and tear on inflamed joints, 
maintenance of optimum position of joints, and improvement of function of 
joints and muscles by salicylates, exercises, and heat. There is adequate proof 
of the value of these aspects of conservative therapy, but evidence is more tenuous 
in regard to the other objectives, namely, the improvement of the general con- 
dition of the patient and the aiding of any natural forces that combat the disease. 
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However, the decrease in systemic symptoms and clinical and laboratory signs 
of active disease which follows initiation of this program is often extremely im- 
pressive. Whether or not there is, in addition, an actual anti-inflammatory 
effect of the commonly employed drugs, aspirin, or other salicylate, is not known. 
The close similarity in results obtained with aspirin to those with the known 
anti-inflammatory agents (cortisone and ACTH) in the treatment of both rheu- 
matic fever and rheumatoid arthritis!'-“ suggests that there is, in addition to an 
analgesic effect, a suppression of the inflammation. Similarly, clinical experi- 
ence with the dramatic immediate changes produced by administration of aspirin 
in many patients with rheumatic fever and in some with rheumatoid arthritis, 
and with the exacerbations that may be produced by withdrawal of aspirin in 
such cases also suggests an anti-inflammatory action. However, there is as yet 
no convincing proof of such an effect. 

The features of the regime that are generally accepted to be of value are: 
rest; support of the patient in every way possible (emotional, social, environ- 
mental, and economic); salicylates; exercises; heat in various forms; physical 
support of joints; and adequate intake of protein, minerals, and vitamins. 

Rest——The fundamental importance of bed rest combined with generalized 
active exercises to maintain and improve joint and muscle function and prevent 
any ill effects of continued rest is well recognized despite the absence of any proof 
of its value. The amount of rest and the duration of the period of increased 
rest must be decided for each patient. In severe, active disease complete bed 
rest is desirable, even without lavatory privileges if the situation permits. Such 
a regime is, in fact, essential in acute, febrile cases with severely inflamed joints 
(often resembling those of specific infectious arthritis or rheumatic fever), and 
in patients in whom the disease is rapidly progressive or those with marked con- 
stitutional manifestations. In some patients the weight-bearing joints are so 
deformed or so acutely inflamed as to make walking impossible or unwise. Such 
a rest regime should be prescribed, however, even though weight-bearing joints 
are not involved, since it is rest of the patient as a whole that is essential. The 
tendency for the feeling of stiffness that follows periods of rest (the “‘gelling’”’ 
phenomenon) to be more apparent at first after the initiation of such a regime is 
not a contraindication. Such stiffness is not followed by increased limitation of 
function, and tends to subside as the regime is continued and the activity of the 
arthritis decreases. Unfortunately, it is the overconcern for such stiffness that 
leads many patients and their physicians to decry bed rest and push activity 
despite increasing fatigue and pain. In less severe disease, less rest is necessary. 
The criterion for adequate rest in any one patient, and the empirical evidence for 
its value, is the overcoming of constitutional symptoms, such as fatigue, and 
the subsidence of other evidences of activity of the arthritis. In mild cases, it 
is often possible for patients to continue their work with the addition of 2 to 
4 hours of rest each day with reduction of fatigue and slow improvement in their 
arthritis. In moderate cases, complete bed rest may not be necessary but vary- 
ing amounts of rest must be prescribed, ranging from 10 to 12 hours in bed at 
night with one or two rest periods during the day, to bed rest from 18 to 20 


hours out of the 24. 
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The duration of bed rest will depend upon the response in each case. The 
prescribed amount of rest is continued, with the other treatments discussed 
below, until signs and symptoms of the disease have disappeared or, after im- 
proving, have remained at a constant level for at least 6 to 8 weeks. The im- 
provement must not be merely in the functional state of the patient but must 
include lessening or disappearance of the signs of activity of the disease, such 
as weight loss, joint swelling, elevated sedimentation rate, and lowered hemo- 
globin concentration. The process of getting up must be gradual. In patients 
who have been at complete bed rest, sitting for 10 to 15 minutes in a chair is 
all that should be allowed at first. Activity is then increased slowly, an incre- 
ment being added only when any effect of the last increase, especially any fatigue, 
has subsided. 

Emotional Support.—Of equal or greater importance than bed rest is the 
need to help the patient attain the maximum degree of composure and adjust- 
ment to his life’s problems. This necessitates appreciation of the personality 
of the patient and as full knowledge as possible of the emotionally disturbing 
factors present before the onset of the disease and enhanced, or increased in 
number, by the painful, disabling illness. This approach requires much time as 
well as patience, true belief, ingenuity, and equanimity on the part of the physi- 
cian. With most of the patients it is difficult to lead them into a discussion of 
material that is emotionally significant. Only slowly, through many conver- 
sations related to family, friends, interests, activities, fears, ideals, etc., can one 
obtain knowledge of the emotional factors that may have played a role in the 
precipitation of arthritis, or even more likely, may have hindered the healing 
and allowed increased progression of the disease. Since psychiatric evaluation 
and care is either not available or necessarily advisable for every patient with 
rheumatoid arthritis, some form of psychotherapy must be offered by the phy- 
sician treating the patient. This must include an attempt to help the patient 
accept the importance of the emotional factors and their role in the precipitation 
or prolongation of the illness. For, if this concept is accepted, the solution of 
emotional problems or the lessening of reaction to them becomes to the patient 
an important part of the treatment; cooperation is more wholehearted; the 
relationship between patient and doctor more satisfying; and progress is more 
rapid. 

Adequate emotional support requires careful consideration of the social, 
environmental, and economic factors. Of inestimable value in this program is 
the medical social worker, when available. One of the immediate problems is 
the decision as to where the treatment involving so much bed rest should be 
carried out. There is little question that the regime is usually easier to follow 
and more successful in a hospital than at home, even though the latter may 
have adequate facilities for care. The reasons for this difference are often hard 
to determine, but they include the difficulties for the patient: of being an invalid 
(often not appearing ill) in a group of well individuals; of having inadequate 
support in following the regime; of being in the center of emotional tensions and 
situations that may have been actual precipitating factors for the arthritis; of 
taking part, from the bed, in too many activities with family or visitors; of being 
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too dependent or too hostile and unable to express feelings freely. The superi- 
ority of hospitalization over home care in many patients is best demonstrated 
by the improvement that frequently occurs immediately after admission to the 
hospital even though no other change in regime is made. However, despite the 
advantages of prolonged hospitalization for full adherence to the regime, few 
facilities are available for long-term care of patients with arthritis. Furthermore, 
any hospitalization adds financial problems which enhance those already present, 
and for this reason alone hospitalization is not feasible in many patients. In 
such cases, rearrangement of the home, with increased help and often removal of 
people dependent on the patient for care, involves careful planning. The impor- 
tance of each aspect of the total regime must be explained not only to the patient 
but to all members of the household. It should be clearly understood that, if 
evidence of progress is not definite in 4 to 6 weeks, hospitalization must be ar- 
ranged. 

The question of vocational rehabilitation is outside the limits of this article 
and is discussed elsewhere in this issue. It represents a major emotional problem 
for some patients. In so far as is possible, decision should be made early in the 
course of treatment as to whether the patient will be able to return to his or her 
former living arrangements and occupation and, if not, what the other possibilities 
are. Only in this way can there be a positive attitude and planning for the future 
which is essential as an incentive to the patient and a requisite for subsidence of 
the disease. If such incentive does not develop, direct challenging as to the 
reasons for the lack of desire to get well and the necessity for such a stimulus may 
be advisable and of great value in selected patients. Such an approach will often 
include a discussion of the emotional value of the illness to the patient (usually 
subconscious); the possible welcoming of sickness as a form of adjustment; re- 
duction, or absence of satisfactions at the time of onset of the disease; and lack 
of visualization of adequate satisfactions in the future to act as an incentive. 
Success in this approach will depend on the extent to which the patient grasps 
the importance of emotional factors in the subsidence of the disease and on the 
soundness of the reasons he gives for wanting to get well. 

Salicylates—As a prerequisite for physical and emotional rest, the relief of 
pain is of paramount importance in the treatment of rheumatoid arthritis. As- 
pirin is still the drug of choice and should be given in full doses. In general, 
especially when patients are under observation, it is wise to determine the limit 
of tolerance. Either 0.6 Gm. every 2 hours or 0.9 Gm. every 3 hours should be 
given day and might until tinnitus appears. Aspirin is then discontinued until 
the ringing has disappeared, and, on resumption, the total 24-hour dose should 
be 0.6 to 0.9 Gm. less than the amount that produced tinnitus. Daily doses of 
5 to 6 Gm. or more are often required. Older people tolerate the drug less well, 
whereas children can tolerate a relatively larger dose than most adults. In 
milder cases, smaller doses may be adequate to remove pain and spasm, and allow 
good joint and muscle function. Three to four grams, however, are usually 
necessary. In general, 0.6 Gm. every 2% to 3 hours, with the first dose as early 
in the morning as possible, seems effective, though some prefer larger doses at 
longer intervals. The latter may increase gastric irritation. Aspirin should be 
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given regularly at a constant dose and not decreased or omitted because of tem- 
porary subsidence of symptoms; nor should the patient be allowed to vary the 
dose at will. Full doses should be continued until the patient has been free of 
signs of disease activity and of joint symptoms, even on full motions, for at least 
6 to 8 weeks, or for a longer period in severe cases. The dose is then decreased 
slowly, with resumption of the original level if signs or symptoms recur. 

Aspirin is not only efficacious in the relief of pain but is relatively safe. At 
therapeutic levels the chief hazards are gastric irritation, occasionally with bleed- 
ing; tinnitus; and deafness. Fortunately, gastric irritation can be avoided in 
almost all instances by the use of one of the many tablets in which aspirin is 
enteric coated or buffered by aluminum or magnesium hydroxide or calcium gluta- 
mate. Rarely, a patient is unable to take full doses of aspirin, even protected, 
without gastric symptoms. Substitution, in part or wholly, by sodium salicylate 
(in the absence of hypertension or congestive failure) or by Phenacetin (up to 
2 Gm. a day) will often be of symptomatic value and will usually remove the 
gastrointestinal symptoms. Tinnitus should be controlled by lowering of the 
dose. Any loss of auditory acuity is an indication for temporary discontinuance 
of the drug and resumption at a slightly lower level in order to prevent the possi- 
bility of irreversible deafness. Toxicity should be watched for most carefully 
in patients with limited renal function or with high fever associated with poor 
fluid intake or vomiting. Hyperpnea, mental confusion, lassitude, or drowsiness 
will suggest the presence of toxicity, and are usually associated with nausea and 
vomiting that are central in origin in contrast to the gastrointestinal symptoms 
from local gastric irritation that appear even with therapeutic doses as described 
above. Significant lowering of prothrombin concentration, with hemorrhagic 
phenomena, occurs with severe toxicity. 

In general, the dose of aspirin is best regulated by the response of the patient 
and the limit of tolerance as described above. In some instances, however, 
determination of the salicylate level in the plasma may be indicated. The chief 
value will be in discovering the occasional patient in whom the level remains 
very low (below 10 or 15 mg. per 100 c.c.) on a relatively large dose. However, 
the ideal plasma concentration for therapy is not known. Apparently it varies 
considerably with age and may be as low as 15 mg. per 100 c.c. in older people, 
as high as 40 mg. in children, and approximately 25 mg. in young adults. Until 
the significance of the level, the best analytical method, and the form in which 
salicylates are active therapeutically are known, plasma levels will remain of 
limited value clinically. 

Aspirin is employed for its analgesic action. The relief of pain and muscle 
spasm permits more normal joint motions and tends to prevent deformities. 
Whether or not aspirin has also an anti-inflammatory action is not known, as 
discussed above. However, in view of the suggestive evidence of such an effect, 
it is advisable to administer aspirin in full doses to all patients, including severe 
cases with marked systemic involvement such as pericarditis and myocarditis, 
even though pain is not present. 

Physical Therapy.—Detailed discussion of the use of physical therapy is not 
within the scope of this article and is discussed elsewhere in this issue but it is 


b sre wae CONSERVATIVE THERAPY 703 
important to emphasize its value. From the very beginning of treatment active 
exercises, or if necessary passive supported movements, within the limits of pain, 
are essential, both to prevent adhesions and to preserve, in so far as possible, 
joint and muscle function. Active exercises throughout treatment should, in 
general, be limited not by fatigue and pain occurring during but that persisting 
after exercises. Such exercises should be generalized during the period of bed 
rest, and should at all times include all joints which are involved to any degree. 
The frequent application of heat also leads to improved function and lessened 
deformity. There is no proof that any form of heat is superior to another, though 
there is a clinical impression that moist heat is preferable. 

Support of Joints —Along with rest of the individual, rest of the involved 
joints promotes the subsidence of inflammation. No weight-bearing or excessive 
use should be permitted with acutely inflamed joints or those with weak muscles. 
Support of joints by splints in optimum position leads to improved function and 
lessened deformity by protecting against the deforming influences of muscle 
spasm and gravity. Since inflamed joints usually are held in flexion, support in 
such cases is applied with the joint in as much extension as possible. Mild seda- 
tion for the application of the cast is of value in allowing extension, but it is 
inadvisable, in general, to aid extension by anesthesia since, with recurrence 
of spasm, it will be impossible for the patient to wear the cast with comfort. 
Manipulation under anesthesia, with forced extension of the joint, is contrain- 
dicated because of actual tearing of tissues with resulting bleeding and increased 
inflammation. Improvement in position gained by wearing casts does not arise 
from any pressure forcing the joint into extension, but rather from complete 
support which leads to relaxation of spasm and resulting extension. The joints 
for which splints are most effective are knees, wrists, and spine. In some cases, 
elbow casts are satisfactory but, in general, they require careful fitting to be 
comfortable and to provide adequate support to lessen spasm. Casts for the 
legs should be bivalved and inclusion of the foot is essential for adequate re- 
laxation. In the case of cock-up splints for the wrists, only a palmar splint is 
necessary, except in severe cases. The cast need extend only to the middle of 
the palm if phalangeal joints are not involved. When ulnar deviation is present, 
the support should extend to the finger tips, and ridges should be incorporated 
to hold each finger as near the neutral position as possible. Plaster shells for 
support of the back should extend only to the mid-thoracic region, thereby al- 
lowing extension of upper dorsal region above the cast. Casts should be worn 
for 10 to 12 hours at night and, with severe deformities, for at least 2 periods of 
3 hours each during the day. The danger of immobilization in splints without 
removal at least 3 times a day for heat and exercises cannot be emphasized too 
greatly. The tendency for periarticular and intra-articular fibrous adhesions to 
form is ever present and makes it essential that joints be put through the full 
range of movement that is possible several times a day. Limitation of motion 
of considerable degree may occur rapidly, and, on rare occasions, in acutely 
inflamed joints, permanent ankylosis has been produced by complete immobili- 
zation for as short a period as 2 to 3 weeks. 

Traction, with reduction of muscle spasm, is also of value in improving 
function and lessening deformity, especially in the case of knees, hips, and neck. 
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The latter can be applied for 2 or 3 periods a day with the patient in the bed or, 
preferably, sitting in a chair. Traction for knees or hips should be maintained 
throughout the day and night with the exception of periods for exercises and 
application of heat. 

Surgical Procedures —While surgical procedures are not strictly a part of 
the conservative treatment of rheumatoid arthritis, they sometimes form a val- 
uable adjunct to this regime and aid in the improvement of function and control 
of pain. Mention should be made of the benefit obtained from metatarso- 
phalangeal joint resections, elbow arthroplasty, or fusion of wrist or ankle in 
carefully selected patients. We shall continue to favor the use of cup arthro- 
plasty’ in the treatment of hip deformity unless it is eventually proved that 
femoral head prostheses produce more favorable results and fewer complications. 

Diet.—Patients with rheumatoid arthritis have long been subject to varying 
forms of dietary restrictions or imbalance. However, there is no evidence that 
any food or class of foods is in any way harmful or that any alteration of a normal 
diet is of value. Furthermore, no proof of any dietary dificiency has geen found, 
despite the demonstration of low plasma levels of vitamins A and C. On empiri- 
cal grounds, it is generally agreed that a patient with rheumatoid arthritis should 
receive a well-balanced diet that is more than adequate in every respect, 
with the calories adjusted to the patient’s energy requirement and weight. Ade- 
quacy of proteins, calcium, phosphorus, iron, and vitamins is of importance. 
The addition of extra vitamins is not necessary if such an adequate diet is actu- 
ally taken. Iron is of little value in treatment of the anemia during active disease, 
but, as activity subsides, it may aid in restoration of a normal hemoglobin level 
in patients in whom the presence of iron deficiency is shown by the serum iron 
level. Transfusion of whole blood is indicated in patients with severe anemia. 
In occasional cases the excellent response might suggest an action in addition to 
increase in hemoglobin concentration, but no such action has been proved. In 
any event, the use of transfusions in severely ill patients with marked anemia 
seems warranted despite the hazard of homologous serum jaundice. 

Essential to this entire program is a belief on the part of the physician that 
rheumatoid arthritis is reversible, at least in part, in a large majority of patients. 
Without this belief in a remission it is obviously impossible to help the patient 
adhere to any regime or have faith in the outcome. Equally essential is the real- 
ization that the time required for remission varies from weeks to years and that 
there is as yet no way to determine the time required for remission in any one 
patient. It is, therefore, impossible to “‘set any date,” even approximately, 
for the occurrence of remission. Acceptance of this fact will often prevent the 
recurrent periods of discouragement on the part of the patient and the recurrent 
need on the part of the physician to do something more dramatic. 


The importance of the basic treatment that comprises the ‘“‘conservative 
regime’”’ is generally accepted. There is, however, no proof that it alters the 
natural course of the disease, and, unfortunately, despite the immeasurable value 
of such proof, it is unlikely that it can be obtained until better criteria for diag- 
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nosis, greater predictability as to course, and accurate measurement of the state 
of activity of the disease are available. On the other hand, one can feel confident 
that the conservative program, if faithfully carried out, will decrease the crip- 
pling due to an attack of rheumatoid arthritis. In addition, an impressive de- 
crease in symptoms and signs of active disease often follows the initiation of 
this program. Whether this reflects a true decrease in disease activity and indi- 
cates a shortening of the duration of disease activity by the treatment are ques- 
tions which cannot yet be answered. 
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N SPITE of new discoveries and advances in the treatment of rheumatoid 

arthritis, the most important part of the management of patients with this 
disease today is the prevention or minimizing of deformity and the maintenance 
or improvement of function. The numerous remedies that have been promoted 
for use in arthritis tend to detract from the appreciation of the value of physical 
treatment in preventing crippling and disability. Hill and Holbrook! have 
estimated that not one patient in 100 is following a proper schedule to protect 
his joints and maintain function. This is a serious indictment of our medical 
care programs for patients with rheumatoid arthritis. Whether one agrees with 
these figures or not, all will agree that a high percentage of patients fail to carry 
out any program, or go at it halfheartedly, or eventually tend to lose interest 
in even a carefully planned and effective schedule of treatment. 

A review of the literature from 1940 to the present offers little information 
as to the best way to motivate a patient with a chronic ailment to treat himself 
over a long period of time. In 1943, a report from the Mayo Clinic? gave the 
results of a survey of arthritis patients chosen at random from several thousand 
clinic patients who had been instructed in home physical therapy. Of the 346 
patients to whom the investigators sent a questionnaire, 216 responded, and the 
results showed that 92.7 per cent had started the treatment program and 64.7 
per cent had continued treatment for three months or more. There were 96 
patients with rheumatoid arthritis in this group; 63.5 per cent of these were 
continuing home treatment or else had stopped because their condition had 
improved. 

A survey of arthritis patients at University Hospital was recently conducted 
to help evaluate our program of instruction in home treatment and shed some 
light on why patients continue or stop their home treatment schedules. Fifty- 
six patients who had previously been instructed in adequate home programs were 
personally interviewed. At the time of the interview, 5 patients had stopped 
their home treatment because of improvement in their condition. Of the remain- 
ing 51 patients, 27 were still continuing adequate home treatment programs, but 
24 patients who needed physical therapy were not treating themselves adequately. 
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Six of these 24 patients never started on their recommended home program; 8 
stopped home treatment between 2 and 4 months after their instruction. This 
was greater than the number stopping in any other comparable period of time. 

There are various factors contributing to the frequent failure to adequately 
utilize physical treatment in the management of rheumatoid arthritis. Some of 
these are personal concerns of the patient, situations in which the physician 
may offer counsel but which otherwise are beyond his control. But even the 
most ideally situated and motivated patient will fail in treatment if his physician 
has failed to understand and convey the importance of established principles 
of care, or has provided inadequate prescription of physical measures, improper 
scheduling of activities, inadequate instruction of the patient, or inadequate 
follow-up care and evaluation. 

Basic Principles of Care-—Every physician who assumes the responsibility 
of caring for the patient with rheumatoid arthritis should recognize the need 
for establishing a program of symptomatic, constitutional, and supportive 
measures designed to relieve pain, prevent or minimize deformity, preserve 
or increase joint range and muscle strength, and maintain or improve functional 
capacity. Physical treatment consisting of heat, massage, and therapeutic 
exercise has proved valuable in attaining these goals. To be most effective, 
physical therapy must be combined with the other established principles of care 
such as increased general rest, adequate local rest of the involved joints, avoidance 
of strain and irritation of the involved joints, intelligent use of splints, supports, 
shoes, and other medical agents (steroids, gold salts, etc.), and surgical procedures 
as indicated. Daily home treatment prescribed and supervised regularly by a 
physician familiar with the physiologic effects of physical measures is an essential 
part of an adequate treatment program for individuals with rheumatoid arthritis. 
Too frequently in the clinic we see patients who have had courses of steroid 
therapy or other medical management without ever having been instructed 
adequately in a consistent and logical home physical treatment regime. The 
physician must realize the importance of a comprehensive approach in the 
treatment of rheumatoid arthritis. 

Prescription of Physical Measures—All too frequently, physicians will 
send patients to the physical therapist without a prescription other than a 
request for ‘‘physio.’’ The therapist is expected to choose the treatment pro- 
cedures and to establish his own objectives. In effect, this leads to the practice 
of medicine by the physical therapist, who has had only limited medical training. 
A vague or muddled prescription is of little more help to the physical therapist. 
Another form of vagueness is the ‘‘shot-gun”’ type of prescription which may 
do nothing more than reveal the physician’s lack of knowledge of the proper 
application of physical agents. No therapeutic measure should be prescribed 
unless there is a specific reason for its use. Routine prescription of heat, massage, 
and exercise should be avoided. To obtain the most effective use of physical 
agents in the treatment of arthritis, the physician should provide the same care- 
fully considered and accurately written prescription for physical procedures 


that he would for drugs. 
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No prescription for physical therapy is complete if it does not provide 
the physical therapist with the following minimum information*: (1) diagnosis; 
(2) parts to be treated; (3) specifications regarding procedures or at least the 
major objectives desired; (4) special instructions regarding anesthetic areas, 
areas of circulatory embarrassment, removal of dressings, splints, etc.; (5) 
number and frequency of treatments; (6) date for re-examination by the physi- 
cian; (7) outline of home instructions, if indicated. 

When physical therapy is indicated, any unnecessary delay in starting the 
treatment may affect the results. In general, the earlier the treatment can be 
started, the more effective it will be. Also, if the treatment is of real value, 
it is worth carrying out daily; poor results from physical therapy often occur 
when treatments are too infrequent. In many cases the treatments should be 
given twice daily to achieve the most rapid and effective results. Frequent evalua- 
tion of the patient’s condition is necessary in order to decide whether to continue, 
discontinue, or alter the treatment program; obviously, therefore, the physician 
should not lose contact with the patient who is treated by the physical therapist 
or who is carrying out a home program. 

The intelligent use of physical measures and agents requires that the physi- 
cian have a working knowledge of their physiologic effects. In arthritis, heat 
is used for its analgesic, muscle relaxing, and vasodilating effects. Massage 
when properly applied can increase the venous blood flow or lymph flow but is 
used primarily for its sedative and muscle relaxing effects. Therapeutic exercises 
employed in arthritis are designed to increase the range of motion of joints or 
to increase the strength and endurance of muscles. Exercise is the most important 
part of the physical therapy program. 

Listed below are those physical measures most commonly used in the treat- 
ment of rheumatoid arthritis along with pertinent remarks regarding their 


proper application. 


Hubbard Tank or Tub Bath: 


Employed for general heating 

Temperature of water—100° to 104° F. 

Duration—15 to 30 minutes 

Frequency—daily or every other day 

Contraindicated or used with caution in the aged and debilitated 


Luminous Bakers: 
Used when there is multiple joint involvement; double bakers for general heating 
Used at a distance producing a comfortable warmth 
Duration—30 minutes 


Frequency—one or two times daily 
Intensity modified if there is debility, poor circulation or anesthetic area 


Infrared Lamps: 


Suitable for heating single joints 

Used at a distance producing a comfortable warmth 
Duration—30 minutes 

Frequency—1 or 2 times daily 

Intensity modified if there is poor circulation or anesthetic area 


oes PHYSICAL THERAPY 


Whirlpool Baths: 


Effective for heating of multiple joints of upper or lower extremities 
Water temperature—105° to 110° F. 

Duration—30 minutes 

Frequency—daily 

Water temperature lowered to 100° F. or less if circulation is impaired 


Contrast Baths: 

Used when hands or feet are afflicted 

Extremity is placed in hot water (105° to 110° F.) for ten minutes, after which it is 
placed alternately in the cold water (65° to 70° F.) for one minute, then for 
four minutes in the hot water for several alternations, ending in the hot water 

Duration—30 minutes 

Frequency—1 to 2 times daily 

Temperature of water modified if painful 


Paraffin Bath: 


Effective method for heating hands and wrists, can be used for feet, can be painted 
on rounded regions of the body as a pack 

Paraffin (5 Ib.) melted in a double boiler, add 4% cup of mineral oil, allow to cool 
until a thin film is formed; hand dipped into paraffin several times until a 
thick coat is formed, then wrapped in a towel 

Duration—20 to 30 minutes 

Frequency—1 or 2 times daily 

Contraindicated if there is an open wound 


Hot Packs: 

May be employed for heating regions of the trunk as well as the joints of the 
extremities. 

Woolen material wrung out of hot water (120° F.) and placed over affected joints 
and changed every 10 to 15 minutes; or commerically available silica gel packs 
wrapped in turkish toweling and applied to the part 

Duration—30 to 45 minutes 

Frequency—1 or 2 times daily 

Contraindicated if there are areas of anesthesia 


Short Wave Diathermy, Microwave Diathermy, Ultrasound: 


Heat localized regions well but rarely adaptable to safe home use 

Pancake, drum, or wrap around coil techniques are the most effective short wave 
diathermy applications; microwave diathermy applied at 60 to 80 per cent out- 
put; ultrasound intensity 0.5 to 1.5 watts/cm.? using stroking technique 

Duration—30 minutes for short wave and microwave diathermy; 5 to 10 minutes 
for ultrasound 

Frequency—daily 

These more potent, deep heating agents should be utilized only by qualified 
professional persons 


Massage: 


Stroking and kneading movements applied to soft tissues adjacent to the involved 
joints, not to the joint 

Mechanical apparatus is not recommended as a substitute 

Ordinarily follows use of heat and precedes exercises to increase range of motion 
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Intensity of the massage depends on degree of inflammatory reaction in joints and 
tolerance of the patient 

May be employed at home by a member of the patient's family who has been 
instructed in a few simple massage strokes 

Not ®& be employed over areas of infection or malignancy 

Not to be used as a reducing procedure, a method for strengthening muscles, 
or as treatment for psychoneurosis 


Therapeutic Exercise: 

Most important single physical measure 

Active-assistive type of exercise is used to maintain or increase the range of 
motion of involved joints 

Mobilization exercises should be slow, rhythmical, and through the fullest range 
possible 

Purposeless wiggling of the joints should be avoided 

Several short periods of exercise daily are better than one long period 

Pain lasting more than two hours after exercise indicates that the exercise was 


too vigorous 

Muscle-setting exercises can be utilized to help preserve the strength of large 
muscle groups, such as hip and knee extensors 

Progressive gesistive exercises are the most effective in improving strength 

Special apparatus may be used, such as weights, exercise table, overhead pulley, 
shoulder wheel, finger ladder, exercise bicycle, and powder boaxd 

Training in posture may improve body mechanics and reduce strain in involved 


joints 
Gait training with or without crutches or canes may be an important part of the 


exercise program 


The Schedule of Activity.—Every patient with rheumatoid arthritis should 
be placed on a schedule of activity which provides a balance between rest and 
exercise. Extra rest prevents and minimizes general fatigue and benefits affected 
joints. Many times inflammation will subside when joints are rested and prop- 
erly splinted, and strain is removed. The optimal daily average of rest in bed 
is 10 to 12 hours, but during exacerbations 12 to 24 hours may be indicated. 
If the patient is not properly instructed he is likely to assume a flexed position in 
bed. In order that a patient may rest in correct position a firm flat bed is re- 
quired. It is not rest or exercise, but rest and exercise. 

Instruction of Patient—Even when the physician does use those measures 
which have proved to be of value in the management of the patient with rheu- 
matoid arthritis, the patient often will not follow the advice given for home 
treatment. The physician plays a large role in motivating the patient to carry 
out an adequate treatment program. It is easier to outline a treatment program 
than it is to prepare the patient to carry it out. It is probably true that physicians 
spend more time in evaluating a patient and establishing the direction of treat- 
ment than they do in explaining the various treatment procedures, yet the latter 
is certainly of equal importance. The physician should take the time to ex- 
plain rheumatoid arthritis as a disease and describe its natural course. He must 
outline the objectives of the treatment to the patient and thoroughly explain 
the limitations of the various techniques. If this is done the patient is less 
likely to entertain hopes of cure or expect reversal of damage already inflicted 
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by the disease process. Somehow the physician must help the patient to gain 
insight into what can be accomplished by physical treatment. The patient must 
eventually realize that i¢ requires an investment of time and effort on his part 
and any benefits will be the result of his own hard work. 

The method of instruction should take into account individual differences 
in intelligence. Some patients will learn much more slowly than others; to 
some of these, the simplest procedures will appear too complicated to follow. 
Highly intelligent persons will grasp principles and techniques quickly, but 
since at best, only a certain amount of material can be retained from any one 
lesson, it is well to instruct the patient two or three times in the actual procedures 
he will be using at home. 

The most successful method is demonstration by actual treatment. If 
possible, relatives or friends of the patient should watch the procedure and even 
take part in it, so that both the patient and whoever will be helping him are 
given the same view and the same understanding of the techniquesof treatment. 
Clearly written instructions will serve to refresh the patient’s memory when he 
is at home and “‘on his own.”’ 

Follow-up Care—A highly important feature of the home-treatment pro- 
gram is the patient’s regular re-evaluation by his physician, so that the treatment 
may be modified according to changes in the patient’s condition. Frequent 
rechecks on an outpatient basis are necessary, and instruction in modified tech- 
niques or new techniques should be given as indicated. Adequate follow-up 
care may in some cases mean the difference between success and failure of the 
treatment; moreover, it may provide the key to the difficult problem of motiva- 
tion of the patient in his long and arduous program of home care. 
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HEUMATOID arthritis is an unpredictable disease which persists indefi- 

nitely, regardless of medical therapy, in the majority of individuals af- 
flicted. From reported studies of its course, it can be estimated that over a 
period of years, only 15 per cent of affected patients may experience complete 
remissions of rheumatoid activity whereas over 50 per cent may continue to 
have stationary or progressive disease.! 

Although patients with this disorder may have widespread lesions of vascu- 
lar and connective tissue, rheumatoid in nature,’ their principal handicaps evolve 
from inflammatory disease of the joints and accessory structures and consist 
of discomfort and locomotor disability. Functional capacity of the patient 
is impaired both by the manifestations of the chronic inflammatory process and 
the disturbances of joint mechanics accruing from deterioration of articular 
tissues. Constitutional manifestations, particularly asthenia, contribute sig- 
nificantly to the sum total of disability. 

The prevalence of functional impairments among patients with rheumatoid 
arthritis is not known. A review of reports of therapeutic trials, appearing in 
the literature from 1951 to 1955, indicates a high degree of disability in those 
patients selected for the administration of new agents. Of 502 patients treated 
with adrenal steroids or phenylbutazone and classified by functional capacities, 
43 per cent were limited to little or none of the duties of usual occupation or 
self-care and 21 per cent were bedridden or confined to a wheel chair.t 

Whatever significance such statistics might have, it is apparent that therapy 
for rheumatoid arthritis should include, in addition to those agents which sup- 
press symptoms, the application of other medical and nonmedical measures 
which can prevent, correct, or minimize physical handicaps with or without 
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handicap of discomfort or limited motion in one or more joint; Class III, limited to only a few or no 
duties of usual occupation or self-care; Class IV, incapacitated, largely or wholly, with little or no self- 
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persistence or exacerbations of the basic inflammatory disease. That this can 
be achieved is indicated by observations concerning rehabilitation of the rheu- 
matoid patient which have appeared in the literature in the past several years.‘- 


DEFINITION OF REHABILITATION 


Rusk considers rehabilitation to be a third phase of medicine which can 
be separated, at least conceptually, from diagnosis and medical or surgical treat- 
ment. It denotes a process whereby a patient is returned realistically to his 
greatest physical, mental, social, vocational, and economic usefulness, and, if 
employable, is provided an opportunity for gainful employment in a competi- 
tive industrial world.1° Whitehouse defines rehabilitation as the process of 
mobilization of all available medical resources for whatever period of time is 
necessary to assist a patient in achieving a more useful and constructive life." 
It is generally agreed that rehabilitation is an essential component of compre- 
hensive medical care and is applicable alike to patients who may become em- 
ployable and to those whose only realistic hope is a higher level of self-care." 

In a continuing or recurring disease such as rheumatoid arthritis, a concept 
of rehabilitation must emphasize the prevention of disability and maintenance 
of a reasonable level of performance over the lifespan as well as a return to a 
greater degree of independence of the patient already severely crippled. 


PRINCIPLES OF REHABILITATION OF THE RHEUMATOID PATIENT 


Standardization of a rehabilitation approach to rheumatoid arthritis is 
difficult because of the number of variables including the age, sex, general health, 
environment, and personal resources of the patient and the duration, severity, 
activity, distribution, stage, and therapeutic responsiveness of the disease. 
Criteria for classification of the stage, functional status, and therapeutic re- 
sponsiveness have been recommended by a committee of the American Rheu- 
matism Association.** Such criteria are useful but do not adequately describe 
the patient or disease for rehabilitation purposes. For example, stage and 
functional status can be completely dissociated and the stage may not correlate 
with duration or severity. Moreover, much of the handicap may result from 
subjective phenomena which are not included in approved criteria. 

Assuming that the disability is entirely due to arthritis, three categories 
for classification are useful, namely, disease activity, functional capacity, and 
role of the patient. Disease activity refers to the state of the inflammatory 
process as measured by clinical manifestations and laboratory tests. Functional 
capacity is indicative of physical performance including mobility, strength, 
coordination, and endurance. Role is a measure of dependence and charac- 
terizes the patient’s adjustment in life as a sick or well person. In the final 
analysis, the major objective of rehabilitation is movement of the patient toward 
a well role. 


*The Stage of the disease concerns the degree of presumable irreversible involvement rather than 
activity. Stage I is characterized by no bony change or subchondral bone atrophy; Stage II by carti- 
laginous and cortical destruction; Stage III by deformities such as ulnar deviation and subluxation. 
and Stage IV by fibrous or bony ankylosis. 
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There may be good or poor correlation among these three categories, and 
an analysis of the causes of dissociation is helpful for effective rehabilitation. 
Every physician experienced in rheumatoid arthritis knows at least one patient 
with severe disease and marked functional impairments who lives a normal life, 
working every day, to the amazement of everyone. This represents a sub- 
stantial discrepancy between disease and role. A similar dissociation is repre- 
sented by the patient with mild disease and adequate joint function who is 
extravagantly disabled. It is important to emphasize that the sick role may be 
necessary to the patient or required of the patient in the process of medical 
treatment, irrespective of potential performance or independence. 


SPECIFIC OBJECTIVES 


Because of the nature of the problem, significant rehabilitation objectives 
may only be achieved over long periods of time. No program for the rheu- 
matoid patient can be considered adequate unless it is adapted to the years 
ahead. Likewise, no temporary gains for the patient are valid if they are to 
jeopardize the patient’s health or dependence later. Realism in selecting short- 
and long-range goals is essential. More satisfactory long-range objectives can 
be achieved frequently by clearly defining intermediate goals and up-grading 
or down-grading the program in relation to changes in the patient, environment, 
or disease. 

Specific objectives vary with the degree of disability. From functional 
Class IV to functional Class I, they include self-care in personal needs, mobility 
in bed or wheel chair, transfer activities (i.e., bed to chair, etc.), proficiency in 
activities of daily living, ambulation including stairs, automobile travel, use of 


public transportation, sheltered or competitive employment, social adequacy, 


and prevention of additional handicaps. 


RESOURCES 


The modern approach to medical rehabilitation emphasizes the application 
of specialized knowledge and techniques of many disciplines. The services of 
all medical specialties and of associated professional health personnel such as 
the nurse, social worker, physical therapist, occupational therapist, nutritionist, 
and vocational counselor may be applicable or indispensible.* The size of the 
community and the nature of its health institutions determine the availability 
of professional services, and, unfortunately, some geographical areas are less 
endowed than others. Specialized services are only effective when indicated, 
but when they are not available, rehabilitation can be difficult or impossible. 

The problem of achieving purposeful collaboration among physicians and 
associated health professions concerned with total rehabilitation is not a simple 
one. A clear definition of patients’ needs and goals is the first and most im- 
portant step in achieving teamwork. The physician responsible for the patient 
must understand the objectives and how they are to be achieved. He must 


*There will be no attempt to define, in this paper, the roles of individual specialties and of specialists 
in rehabilitation of rheumatoid patients. 
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also be able to enlist available health personnel for a broader, more accurate, 
and more detailed evaluation of the patient’s problem and to mobilize resources 
which can assist the patient in achieving a well role. Personnel working with 
the patient must be able to communicate and share responsibility. Unfortunate 
products of specialism are the hazards of poor coordination of a comprehensive 
rehabilitation program over sustained periods of time and loss of focus on the 
patient. Such problems are just as significar:t to rehabilitation of patients with 
rheumatoid arthritis as hypercorticism and must be avoided by design. 

Rehabilitation services beyond ordinary medical and surgical care are offered 
to some degree by general hospitals, chronic disease hospitals, rehabilitation 
institutes, and community agencies. Considering the wide variations in disease 
patterns, duration of the disease, and distribution in the population, it is unlikely 
that any single service organization can provide all needs for all patients. Fur- 
thermore, it is unrealistic to expect the average patient’s problems to be resolved 
during a single hospital admission whatever its duration. Inpatient care should 
be carefully oriented to a home program for which the patient himself can as- 
sume maximal responsibility. Therapeutic measures which are arbitrary and 
which create unnecessary dependency on institutions must be applied with 
care. 

Inpatient service is preferable for the initiation of a long-term rehabilitation 
program for patients in functional Class III or IV (ARA). Intermittent hos- 
pitalization, with each admission specifically designed for evaluation of progress 
and the achievement of stepwise objectives, can be extremely effective and 
economical. For the ambulatory patient, larger communities offer a variety 
of services which, if properly applied, can result in a rewarding rehabilitation 
program without institutional care. Such services include nursing, social case 
work, group work, physical therapy, occupational therapy, vocational testing 
and guidance, job retraining, placement, sheltered workshops, and special schools. 
It is unfortunate that many physicians are unfamiliar with available resources 
and/or fail to use them. 


EVALUATION OF THE PATIENT 


In practice, rehabilitation involves two processes. The first consists of 
the comprehensive evaluation of the individual, in medical, social, psychologic, 
and vocational aspects; the determination of rehabilitation goals which are 
feasible and desirable; and the development of a plan by which the individual 
can work toward the goals. The second part is the implementation of this 
program through medical treatment, physical therapy, vocational training, 
and other means. There is a necessary overlapping between these two parts 
because evaluation can be made properly only by continuing study during the 
course of the rehabilitation program. 

The importance of complete and continuous study of the rheumatoid pa- 
tient and the pathologic effects of the disease is self-evident. Investigations 
should include previous course, nature, and distribution of the inflammatory 
process, individual joint function, kinetics, posture, and compensatory mecha- 
nisms. Peripheral and trunk musculature should be carefully evaluated in 
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relation to mass, power, endurance, and coordination. Psychologic evaluation 
should include the patient’s personality, intellectual capacities, aptitudes, inter- 
ests, and reactions to the disease and to rehabilitation personnel. Knowledge 
of effectiveness in performing the simple and complicated tasks of daily living 
and vocational pursuits is a prerequisite for a rehabilitation program. Dis- 
abilities not due to rheumatoid arthritis should be given proper emphasis. 


PROCEDURE 


The importance of integration of rehabilitation measures with medical and 
surgical treatment has been demonstrated by Lowman.’ Medical therapy for 
the disease is oriented toward two principal objectives, namely, amelioration 
of the clinical manifestations handicapping the patient and the establishment 
or maintenance of conditions most favorable to a natural remission of the disease. 
Therapeutic maneuvers aimed at a remission are empiric and consist of physical 
rest, amelioration of physiologic and psychologic stresses, and correction, if 
possible, of complicating diseases. Whereas there is general agreement on the 
value of such measures, there are no simple criteria to determine to what extent 
or degree or to what patients they should be applied, particularly when they 
seemingly conflict with total rehabilitation. 

Rest——To avoid therapeutic paradoxes, all specific methods of treatment 
should be evaluated in relation to long-range goals. A prudent physician may 
elect sanatorium-type treatment with emphasis on rest in patients with early 
disease or those patients with considerable rheumatoid activity or those who have 
experienced previous spontaneous remissions under similar conditions. The 
rest regimen is usually continued until a spontaneous remission is no longer a 
a realistic goal or until it becomes apparent that by pursuing such a program 
the patient may become firmly established in a sick role, rendering ultimate 
rehabilitation procedures ineffective. Compromising with the generally ac- 
cepted value of physical rest is inherent in the rehabilitation approach. The 
removal of restrictions of physical activity should be related to long-range ob- 
jectives and is indicated when it has been demonstrated that certain degrees 
of local or general rest are not necessary or may have ultimate adverse effects 
on performance. It should be emphasized that elected periods of physical rest 
can be as important in the rehabilitation approach as measures designed for the 
restoration of function. Less satisfactory compromises with necessary re- 
strictions of physical activity are those forced by social and economic pressures 
or by inability of the patient to accept a regimen of rest. The fact that adrenal 
corticosteroids are so effective in abetting a denial of the long-range implications 
of rheumatoid arthritis may at times result in overemphasis on physical per- 
formance when the patient is, in fact, quite ill. 

Drugs.—It is well established that the disabling clinical manifestations of 
rheumatoid disease can be suppressed to some degree by the systemic adminis- 
tration of salicylates, adrenal glucocorticoids, corticotropin, and phenylbutazone. 
Also, the joint manifestations may be altered favorably by the intra-articular 
administration of hydrocortisone or prednisone. There is wide but not uni- 
versal agreement that gold salts administered parenterally have a similar sup- 
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pressive effect. The indications, contraindications, and hazards of these agents 
are discussed elsewhere in this issue. The use of narcotics is considered un- 
desirable for sustained relief of discomfort. 

The precise role played by this group of agents in rehabilitation is obvious 
in that some control of the disabling manifestations of rheumatoid disease is 
essential in most patients afflicted. The manner in which the measures are 
applied varies with the nature of the drug, condition of the patient, and ob- 
jectives of therapy. Salicylates, preferably aspirin, in stable, maximal daily 
doses are indicated in all patients regardless of the degree of discomfort. The 
basis for this premise is the intrinsic safety of these compounds and the likeli- 
hood that stiffness which limits performance and disturbs coordination is present 
in almost all instances and is relieved in some degree by this means. The ef- 
fectiveness of steroids in ameliorating stiffness, soreness, pain, aching, weakness, 
and fatigue has made rehabilitation, including vocational programs, realistic in 
a large number of patients who would remain dependent with other forms of 
therapy. A striking feature of steroid therapy is its favorable effect on the 
functional status of the patient. The anti-inflammatory properties of these 
compounds permit more effective physical and occupational therapy, reduce 
the hazard of functional retrogression due to exacerbations and give assurance 
that a certain level of physical activity and mobility can be sustained. It should 
be emphasized that a desirable functional level of a patient cannot be main- 
tained if it is dependent on an intake of an adrenal steroid that will result in 
significant hypercorticism. Thus, dosage must be adjusted to the probable 
tolerance rather than the level of symptomatic improvement. Gold salts and 
phenylbutazone are useful in proportion to the degree that they suppress dis- 
abling manifestations and the length of time they can be administered. 

Although stability of the medical regimen is highly desirable, it must be 
re-evaluated continually in relation to needs occurring during the process of 
total rehabilitation. For example, corrective exercises and orthopedic pro- 
cedures may necessitate temporarily the use of narcotics or additional steroids. 
Also, a rehabilitation goal, in itself, may constitute the only reasonable indication 
for adrenal steroid therapy in some instances. 

Physical Modalities—The amelioration of articular symptoms by heat is 
generally accepted, although its effectiveness is not easily determined because 
of the subjective nature of the response. Complicated heating devices such 
as short-wave diathermy, infrared, ultrasound, whirlpool baths, Hubbard tubs, 
and paraffin baths have not been demonstrated to have specific therapeutic 
effects and probably have no advantages over the use of hot tubs or showers 
properly prescribed for daily use. Moreover, if applied indiscriminately, special 
modalities may nurture an undesired or uncontrolled dependence on personnel 
or the institution involved. Prescriptions for heat should be simple and although 
utilized during inpatient service, should be applied in a manner that can be 
sustained during home care (i.e., hot tub or shower baths). 

Indispensable in the rehabilitation approach is the application of those 
measures which prevent, redevelop, or substitute for the impaired locomotor 
function of rheumatoid arthritis. Joints may be splinted or braced to alleviate 
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symptoms, prevent trauma, or provide strength and stability. Systematic 
active exercises are necessary to maintain muscle power and endurance and to 
prevent or correct insidious losses of function. Resistance exercises may be 


indicated to restore power to weakened muscle groups or develop compensatory 
musculature. Assistive and passive exercises may be necessary as conditioning 
measures for effective active exercising or to improve range of motion by stretch- 
ing. Mechanical devices can be contrived to assist certain motions; repetitive 
active and assisted motions achieved by occupational devices have psychologic 
value and a favorable effect on coordination and endurance. Self-care, social, 
or vocational demands can be simulated in exercise programs for therapeutic 
efficiency. External supportive devices (i.e., walkers, crutches, canes) may 
be necessary on a temporary basis for protection of weight-bearing joints or for 
assistance to certain movements which are essential to restoration of adequate 
muscle performance. Such devices can be adapted to disabilities of the upper 
extremities. Compensatory self-help devices covering most activities of daily 
living are available for patients in whom functional return is delayed or im- 
probable.* 

Physiologic studies concerning specific responses to exercise therapy in the 
rheumatoid patient are singularly lacking. The effects of repetitive or stressful 
joint motion on the severity of synovial inflammation and bone and cartilage 
destruction are not known. Limited studies have indicated that the gross 
response to exercise of rheumatoid muscle tissue parallels that of normal re- 
sponse. !® 

Surgical Procedures.—Surgical amelioration of rheumatoid disability is 
most effective when related to specific rehabilitation goals rather than isolated 
joint function. There are no criteria to indicate when in the course of the disease 
surgical procedures are less hazardous or more likely to succeed. It is reasoned 
that arthroplasties performed during remissions of the inflammatory process are 
more likely to be successful. All surgical procedures can conceivably precipitate 
exacerbations. It has been our experience that this does not constitute a contra- 
indication for orthopedic surgery essential to rehabilitation. The term ‘“‘burned 
out”’ arthritis is probably a misnomer" and is of no significance in the surgical 
approach. 

A large number of orthopedic procedures have been advocated for correction 
of arthritic deformities. It is frequently difficult to determine which operation 
is more desirable for a specific handicap. Certain procedures on Stage III and 
Stage IV residua have resulted in only minor improvements in the operated 
joint but have been of considerable benefit in reducing total disability. 

Excision of the acromion process may relieve uncontrollable pain in the 
shoulder joint.'© Although this procedure may result in only slight increase 
in glenohumeral motion, scapulothoracic motion may be markedly enhanced. 
In rare cases with severe disease of the glenohumeral joint, arthrodesis may be 


*In our opinion, the most important single measure in the care of the rheumatoid patient is a properly 
designed exercise program for which the patient can assume major responsibility. Space does not 
permit detailed descriptions of exercises for specific disabilities. These are found in several textbooks. 
All patients in this clinic receive instructions in posture, gait, and active range of motion exercises, 
Special exercises are prescribed as indicated. 
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necessary to relieve pain and thus improve upper extremity function. Improve- 
ment of elbow function by surgical means has been moderately successful. 
Radial head resection, alone, has proved beneficial in those cases where the 
major arthritic changes have occurred in the radiohumeral compartment. This 
procedure may result in substantial relief of pain, but the return of motion, 
except for pronation, may be disappointing. Arthroplasty of the elbow can 
be helpful in those patients with limited shoulder motion and elbow flexion to 
only 90°. Total joint resection is unnecessary since even the routine arthro- 
plasty produces a moderate degree of relaxation, and instability of the elbow 
may be a source of concern if crutches are required. 

Severe deformities of the wrist may require more than a molded leather 
gauntlet or cock-up splint, particularly if there is marked bone destruction and 
subluxation. In such instances, an arthrodesis may be helpful and a mid- 
position between flexion and extension is thought to be the most advantageous 
position of fixation. This position enables the patient to get at objects within 
a short radius of the trunk with less rotation of the shoulder. Resection of the 
distal end of the ulna is performed in conjunction with wrist fusion to maintain 
or increase rotatory movement. 

The most common effect of rheumatoid disease of the hand is the “‘intrinsic 
plus’ deformity (flexion of metacarpophalangeal joints and extension of the 
proximal and distal joints).'® Finger extensor tendons are displaced to the 
ulnar side of the metacarpophalangeal joint aggravating ulnar subluxation at these 
articulations. The short flexors and adductors of the thumb usually contract 
to produce flexion and adduction deformity at the metacarpophalangeal joint 
with secondary hyperextension of the distal joint. Space does not permit a 
review of operative planning for reconstruction of severely deformed hands. 

Surgical procedures to the lower extremity may be necessary to restore 
weight-bearing and locomotion. Hip joint involvement, which is usually bi- 
lateral, poses a major problem. A flexion adduction contracture disturbs func- 
tion of the opposite hip as well as all joints distally. Pain and loss of motion 
may be ameliorated by surgical reconstruction. The Smith-Peterson mold 
arthroplasty has proved over a longer period of time to give satisfactory results 
when patients are carefully selected, and the procedure is performed in the 
recommended manner.'’?’ Femoral head prostheses have been unpredictable 
and a few long-term follow-up studies have shown deterioration in a significant 
number rather than the progressive improvement frequently seen following the 
use of the mold. Arthrodesis of the hip should be avoided when there is multiple 
joint involvement. Hip denervation procedures are usually ineffective in the 
rehabilitation of the rheumatoid patient. 

Fixed flexion contractures of the knees are common causes of rheumatoid 
disability and for satisfactory ambulation, extension to a minimum of 160° must 
be achieved. To accomplish this without significant residual discomfort is 
usually difficult. Hinged wedged casts can be effective in regaining extension 
and must be followed with bivalved casts for night use and, on occasion, light, 
long leg braces.'§ If a significant degree of motion in flexion is present, a supra- 
condylar osteotomy might compensate for irreversible flexion contractures. 
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Posterior capsulotomy and lengthening of the hamstring tendons have been 
found ineffective. Arthroplasty of the knee, utilizing interposed fascia lata 
is occasionally attempted, but consistemt satisfactory results are only rarely 
achieved. Arthrodesis of one knee can give a severely handicapped patient 
one stable and painless extremity for weight-bearing. Charnley’s method of 
compression arthrodesis has simplified this procedure and usually results in solid 
union in 8 to 10 weeks.'® The disability created by an ankylosed knee may be 
less than that resulting from instability and pain. Synovectomy of the knee 
joint in rheumatoid arthritis is rarely indicated since articular damage usually 
parallels the synovial change, and excision of only a minor portion of the lesion 
may have little benefit. 

Rheumatoid changes in the foot contribute greatly to disability and may 
be quite amenable to surgical management. The increased laxity of these joints 
and contractures of the muscles can disrupt the normal mechanics of the foot 
to a marked degree. Splaying of the forefoot with associated hallux valgus 
deformity is frequently combined with severe hammer toes and large painful 
callouses under the metatarsal heads. Depression of the longitudinal arch is 
also commonly observed with more advanced changes in the tarsal joints. Many 
patients can be made quite comfortable with properly fitted shoes which would 
include a 214 to 3 inch heel for women, a reinforced medial counter, soft pliable 
leather top, and extra wide bunion last when necessary. Longitudinal and 
metatarsal pads should be included. In the more severe foot problems, custom- 
made molded arch supports of cork and sponge rubber may produce a greater 
measure of relief of foot pain providing the metatarsal and longitudinal pads 
are of correct height and if they are worn in large enough shoes. 

The advanced deformities about the forefoot, as described above, may 
produce severe pain and disability for which a surgical approach is indicated. 
The Keller bunion operation is widely used for correction of the hallux valgus 
deformity. In addition, excision of the lateral four metatarsal heads is indi- 
cated if there are painful callouses underneath.2® This procedure may not im- 
prove the gait significantly but does give dramatic relief of pain. Hammer-toe 
deformities can be easily corrected and the choice of procedures will depend on 
how many toes are involved and the associated deformities. Proximal pha- 
langectomy may be performed alone or in conjunction with excision of the meta- 
tarsal head, or a resection arthrodesis of the proximal interphalangeal joint may 
be preferred. 

Psychotherapy.—Psychotherapy in some form is an essential element of 
rehabilitation. Attempts have been made to describe patients who are unre- 
sponsive to rehabilitation measures and have shown among other characteristics, 
strong dependent tendencies.2!_ There is not complete agreement on the nature 
or causation of the dependency pattern in rheumatoid disease. Ludwig has 
observed that some degree of regression to dependent or infantile attitudes is 
an accompaniment of every illness or injury and normally subsides with con- 
valescence. Unresolved dependency conflicts, reactivated by the disease, can 
interfere seriously with treatment.” A substantial proportion of modern medic- 
inal and physical therapy for rheumatoid arthritis encourages dependency of 
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the patient on physicians, therapists, and institutions. Such measures include 
hospitalization; injections of gold compounds; frequent examinations required 
during hormone therapy; periodic blood counts in the course of gold or phenyl- 
butazone therapy; and physical treatment including diathermy, whirlpool, baking, 
and massage. 

Awareness of the latter type of dependency is essential for an effective re- 
habilitation regimen. Although it is agreed that dependency on health resources 
is necessary, it can only be used therapeutically when completely understood and 
properly distributed and controlled. Restoration to an independent role must be 
gradual and in stages acceptable to the patient. The psychologic hazard of un- 
realistic objectives and promises should be carefully avoided. 

There is no good evidence that rheumatoid disease or rheumatoid disability 
constitutes an a priori indication for psychiatric care, although in some instances, 
dynamic psychotherapy may be helpful or necessary. Rehabilitation personnel 
can and do play significant roles in the management of the psychologic aspects 
of the disease and disability. Relationships between the patient on one hand, 
and the social worker, nurse, physical therapist, occupational therapist, and vo- 
cational counselor on the other, are intrinsically therapeutic in that they may 
favorably alter dependency patterns, loss of self-esteem and self-confidence, en- 
vironmental stresses, and difficulties in interpersonal relationships. 

Vocational Rehabilitation—As is demonstrated in another paper of this 
symposium (‘‘Back to Work’’ Program), many rheumatoid patients perform 
effectively in competitive employment even with marked physical handicaps. 
The more severely afflicted patient may have difficulty using public transporta- 
tion, be unable to sit or stand for sustained periods, or may lack efficiency and 
dexterity because of hand or upper extremity involvement. Those individuals 
with limited personal resources or disease patterns requiring selective employ- 
ment may be benefited by vocational counseling. Vocational guidance includes 
evaluation of vocational and educational backgrounds and potential, and inter- 
pretation of findings and conclusions in relation to physical handicaps. The 
counselor is familiar with the job market, training facilities, working conditions, 
and sources of financial assistance and is trained to provide continuing psychologic 
support to the patient. 

EVALUATION OF RESULTS 


All of the well-known problems of evaluation of simple medical therapy in 
this disease are compounded by the large subjective component in the rehabili- 
tation approach. Functional capacities can be measured, but determination of 
the results of individual services in a total effort is an overwhelming problem. 
Critical physicians can rightfully ask if some of the more dramatic results are 
not a result of chance or the extraordinary interest in the patient by the many 
people involved. Rehabilitation studies should emphasize evaluation of the 
effects of these various services. 

SUMMARY 


A survey of the rehabilitation approach to rheumatoid arthritis has been 
presented. The complexities of the disease and of the processes of integrating 
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therapeutic measures have been cited. The wide variety of measures and re- 


sources applicable to rehabilitation goals has been emphasized. 
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[' IS desirable to appraise critically the usefulness, limitations, and troubles 
that may come from the use of a particular substance or class of compounds 
as therapeutic agents for any disease. Such a critical inventory of therapeutics is 
one of the important foundations on which progress in the practice of medicine 
depends. There is, however, no more difficult task in the science and art of medi- 
cine than to evaluate conscientiously the subject which is the title of this article, 
due to the following reasons: the etiology and pathogenesis of rheumatoid ar- 
thritis are unknown, indeed the exact nature of some of the pathologic and chemi- 
cal features of this rheumatic disease is uncertain; the course of the illness is 
variable and unpredictable; the disorder is chronic and characterized by remis- 
sions and relapses affected by a variety of factors; there are many gold compounds 
which have quite different therapeutic behavior because of chemical and physical 
differences; many treatment schedules for these compounds have been employed; 
the manner in which gold compounds produce their effects is not known. One 
is faced therefore with the question, ‘‘What good is an agent about which little is 
known in the treatment of a disease about which so much is still unknown?” 
With full realization of the mysteries surrounding the problem, I undertake this 
challenging task. 

In search for better treatment for this devastating rheumatic disease, hun- 
dreds of different agents have been tried for their therapeutic value on an em- 
pirical basis alone. In this circumstance gold therapy for rheumatoid arthritis 
had its advent about 30 years ago.! It had been demonstrated that various gold 
compounds, usually containing a sulfhydryl (SH) group, inhibited the growth 
of tubercle bacilli in vitro. Based on the thought that in at least some instances 
rheumatoid arthritis might be caused by tuberculous infection, these gold com- 
pounds were administered to patients with rheumatoid arthritis. From the 
earliest trials, reports of successes, failures, and toxic manifestations have ap- 
peared. Now, after many years of accumulated reports, there continue to be 
differences of opinion regarding the therapeutic value of gold compounds for 
rheumatoid arthritis. During the last decade, several summaries of reported 
clinical experiences have appeared which indicate a decided majority of favorable 
reports among a large series of patients.*-® 
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It has been difficult to blend reports from widely scattered investigators 
because of the differences in criteria of evaluation of benefits and toxicity and 
because of the lack of uniform criteria for judging therapeutic response in pa- 
tients with rheumatoid arthritis. It is hoped that the criteria of Steinbrocker, 
Traeger, and Batterman’ or those recently reported by Lansbury® will provide 
a more certain and sound basis for critical evaluation of the value of therapeutic 
agents. Until there has been time to apply these criteria, the evaluation of gold 
compounds for treatment of rheumatoid arthritis must be based upon the available 
experience of critical investigators and published reports of clinical trials. 

I have presented evidence to indicate that gold compounds may help arrest 
the activity of rheumatoid arthritis,*’ as beneficial effects are believed to be due 
to this property of gold. However, the suppressive action of gold compounds 
on rheumatoid activity is not uniformly seen in all treated cases. The Tenth 
Rheumatism Review’ referred to ‘‘more than 7,000 cases of rheumatoid arthritis 
treated with gold preparations”’ which ‘‘should have provided an impressive pool 
of information from which precise conclusions regarding the efficacy of chryso- 
therapy could be drawn. But certain common denominators essential for de- 
pendable comparisons and correlation of results are lacking, and despite such 
extensive experience the exact value of gold compounds has not been determined.” 
The majority of investigators and critical clinicians consider gold therapy to 
have sufficient value to merit continued use. With the advent of corticosteroids 
in 1949, it was hoped that this hormone would be so superior therapeutically 
that it would not be necessary to employ gold compounds for treatment of rheu- 
matoid arthritis. This hope has not been fully realized since steroid therapy 


also presents problems and has its limitations. Other forms of treatment still 
are to be considered and the wise selection of therapeutic agents is often an im- 
portant problem in the management of patients with rheumatoid arthritis. It is 
appropriate, therefore, that ‘‘the place of gold compounds in treatment of rheu- 


matoid arthritis’ be reconsidered. 


NATURE OF THERAPEUTIC EFFECT OF GOLD COMPOUNDS 


When gold compounds are administered to patients with rheumatoid ar- 
thritis, there is little or no evidence of any effect for several weeks, after which 
time (if benefits result) there is gradual decrease in manifestations of the in- 
flammatory process of the disease, usually the sedimentation rate decreases 
slowly and there is concurrent decrease in pain, stiffness, and limitation of motion. 
To these local joint improvements is later added improvement in general health. 
These improvements usually continue over succeeding months; the end point of 
improvement cannot be predicted. Some patients have a complete, or nearly 
complete, remission; the majority of those benefited have only partial remissions; 
some are not benefited. In comparison to the dramatic and rapid benefit from 
corticosteroid therapy, the improvement from gold therapy is slow indeed, but 
improvement may be long sustained even after therapy has been discontinued. 
This phenomenon is explained by the metabolism of gold, which is retained in the 
body in significant amounts for many months after its administration is discon- 
tinued.'” Most important is the understanding that all of the benefit from gold 
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compounds used in the treatment of rheumatoid arthritis depends upon the sup- 
pressing effect this agent may produce on the rheumatoid (inflammatory) ac- 
tivity. Inactive rheumatoid disease and structural damage that has resulted 
from an active inflammatory process cannot be altered by a gold compound, 
nor can gold compounds straighten deformities, free ankylosed joints, or rebuild 
damaged cartilage or bone. Consequently the logical candidates for gold therapy 
are patients who have active rheumatoid arthritis with relatively little permanent 
articular damage. 

The manner of action of gold compounds is not known. Recent studies 
suggest that gold salts exert their effects at the tissue level through some altera- 
tion in the cell metabolism; whether this is accomplished by alteration of enzyme 
activity, cell permeability or some other means is not known. 


LIMITATIONS OF GOLD THERAPY 


Anyone using gold compounds should be thoroughly familiar not only with 
what can and cannot be expected beneficially, but also with possible undesirable 
effects which may /ead to “toxicity.” It has already been stated that not all 
patients who receive gold salts will be benefited; that, when beneficial, the effects 
of gold come about only slowly, and that articular damages will not be repaired. 
Another important limitation is that the pathologic activity of this disease usually 
continues although oftentimes significantly suppressed, so that relapse or ex- 
acerbation of the disease usually will occur many months after cessation of treat- 
ment. Relapse has occurred in as many as 75 per cent of patients within 3 years 
of discontinuing treatment.'!! (To minimize this tendency to relapse, maintenance 
treatment, to be discussed below, has been devised.) 

Another important limitation of this form of treatment is the likelihood of 
toxic reactions which attend the use of gold compounds. The manifestations of 
gold intolerance (toxicity) are numerous and varied. Most common are the 
cutaneous reactions which may be one of many sorts of dermatitis, usually pru- 
ritic. Stomatitis may accompany dermatitis or it may occur alone. Skin append- 
ages may be damaged and alopecia may occur. Less common are nephritis and 
blood dyscrasias including thrombopenic purpura, hypoplastic anemia, and granu- 
lopenia; these may be serious and require prompt and proper treatment. 

Physicians using gold therapy have been impressed with the fact that im- 
provement in the arthritis usually accompanies manifestations of toxicity, es- 
pecially dermatitis. This has been so universal that some investigators have 
suggested that suppression of rheumatoid activity depends upon the production 
of some form of gold toxicity. This seems untenable, however, for many instances 
of marked benefit, even complete remission of disease activity, have been observed 
unaccompanied by any manifestations of toxicity. Gold compounds may some- 
times be reinstituted in smaller doses with resultant clinical benefit, and no re- 
currence of toxicity. It would seem advisable, therefore, that attempts should 
be made to benefit the patient by administration of gold compounds and to avoid 
toxicity whenever possible. 

The mechanism of development of toxic manifestations has not been elu- 
cidated. Most likely gold toxicity in human beings is usually, if not always, a 
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hypersensitivity or allergic reaction to the gold-protein (globulin) complex in 
which form gold is known to circulate through the body.” Unfortunately, no 
method has been devised to predict whether or not a patient will tolerate a gold 
compound; cautious trial is the only dependable test of tolerance. 

Prevention of Toxicity—The employment of smaller doses of gold salts than 
were popular a decade or longer ago has resulted in fewer and less severe reac- 
tions.” Efforts to lessen toxicity have led to the development of insoluble gold 
compounds. Although toxicity following administration of such preparations has 
been less frequent, therapeutic response has been less satisfactory because the 
rate and amount of absorption of the insoluble compound is reduced and incon- 
stant. Instances of dermatitis, stomatitis, and nephritis have been reported 
after the administration of insoluble gold compounds. Toxicity following ad- 
ministration of insoluble salts is likely to be protracted because adsorption and 
excretion are delayed. The use of insoluble compounds is not the solution to 
the problem of toxicity; the insoluble character of the preparation accounts for 
undependable and usually poor therapeutic effect. 

Fear of toxicity from gold compounds need not be as great now as it was 
years ago, not only because greater knowledge concerning metabolism, transport, 
and excretion of gold has led to safer treatment schedules, but especially because 
dependable antidotes for the various forms of gold toxicity—corticotropin, corti- 
costeroids, and British anti-lewisite are now available. 


SELECTION OF PATIENTS TO BE TREATED WITH A GOLD COMPOUND 


When contemplating use of gold compounds, or any other of the potent 
agents which suppress activity of rheumatoid arthritis, the clinician must face 
the question: ‘Are the potential benefits worth the risks entailed by this form 
of treatment?”’ 

Under what circumstances is it appropriate to employ a gold compound for 
the treatment of rheumatoid arthritis? No hard and fast rules can be laid down 
to support the decision to institute gold therapy. The following considerations 
are recommended. 

Benefit from gold compounds can be expected only when employed while 
the disease is active. The candidate for gold therapy is the patient with active 
synovial inflammation. If the disease can be arrested or its advance hindered 
before irreparable damage has occurred, crippling and incapacitation may be 
prevented. It is, therefore, in the early, active stage of the disease that gold 
therapy can be of greatest value. Adams and Cecil? found a larger number of 
complete remissions among patients treated during the first year or two of the 
disease, than in those treated in the late stages. It is a mistake to consider gold 
therapy ‘‘permissible’’ only as a last resort. If this is the basis for use of gold 
therapy, results will be unimpressive indeed, because the patient who suffers 
only from the crippling damage of inflammation which is no longer active cannot 
be rehabilitated by gold therapy; in such instances gold salts should not be used. 
In late stages of the disease gold therapy may check the progress of the illness 
only zf it zs still active; it can only prevent further damage to the joints; existing 
damage will not be reduced. 
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It is unwise to decide on any particular suppressive agent at the earliest 
contact with the patient who appears to have rheumatoid arthritis. Many times 
the diagnosis cannot be confidently made until disease has been carefully studied 
for several months. Of equal importance is the fact that many patients have 
such mild illness that, with a program of treatment which includes no suppressive 
agent, good to excellent results may occur. Under conservative treatment the 
activity of the illness may decline in the natural course of the disease. Hence, 
in early cases, it is reasonable to employ a good program of conservative treat- 
ment with careful evaluation of progress at monthly intervals; if the course is 
good, special agents need not be administered. If, however, the disease pro- 
gresses relentlessly involving new joints, the patient becomes less comfortable 
and suffers progressively greater disability; and if it appears likely that irrepar- 
able articular damage will result, then it is proper to consider the addition of an 
agent that can have a significant suppressive effect on the rheumatoid process. 
‘ The only agents known to have a significant capacity to suppress rheumatoid 
activity are gold compounds and corticosteroids (or corticotropin). The choice 
is not easily made, for it is impossible to enumerate completely dependable cri- 
teria as a basis for selection. General guides, however, may be stated. It should 
be recalled that effects of gold salts come about much more slowly, often with 
less certainty and to a lesser degree than benefits from corticosteroids. On the 
other hand, these disadvantages are somewhat offset by: (1) longer sustained 
benefits from gold, and (2) the less disturbing character of the untoward effects 
that are likely to occur. Gold compounds do not produce hormonal effects, peptic 
ulcers, osteoporosis, or hypertension. It seems fair to consider corticosteroid the 
more potent agent both for therapeutic and for possible undesired effects. 

One prototype, then, who is a logical candidate for gold therapy is the patient 
who has progressive disease, even though he receives good conservative therapy, 
but whose disease is not fulminating or ‘‘malignant.’’ In these circumstances 
one can “gamble” on an agent which, though uncertain, may be very helpful 
and, in such a patient, the loss of the 3 to 6 months time necessary for trial 
will not jeopardize a potentially good result from another agent to be used later. 
In such a patient I often advise first a trial of a gold compound, especially if 
the patient is young, otherwise healthy, without a history of drug sensitivity, 
and whose disease is of short duration. When the patient is benefited, the results 
are usually gratifying. Should a good therapeutic effect fail to result over a 
period of 3 to 6 months, the physician may then employ corticosteroids. Should 
toxicity result from gold therapy, corticosteroid may be used with the satisfac- 
tion that dual benefits will result—control of the gold-induced toxicity, and 
suppression of the rheumatoid activity. 

Other patients who are likely candidates for gold therapy are (1) those who 
have progressive disease even when receiving good basic treatment, and who 
have diabetes, severe hypertension, recent psychosis, or an active peptic ulcer, 
i.e., those in whom it would seem unwise to use corticosteroid as the suppressing 
agent; and (2) patients who develop a serious complication of steroid therapy (pep- 
tic ulcer, hypertension, diabetes, pathologic fracture, etc.) for which reason it is 
necessary to discontinue the steroid. That favorable results may occur under 
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these circumstances is graphically demonstrated in Fig. 1. Whenever gold ther- 
apy is considered, | believe it is extremely important to discuss the problems 
frankly with the patient. It is paramount that the patient realize both sides of 
the question—the possible toxicity as well as the desired salutary effects. Such 
a discussion should, of course, be candid and honest, but should not provoke 
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Fig. 1.—Graphic reproduction of changes in rheumatoid activity, edema, weight, blood pressure, 
erythrocyte sedimentation rate, hemoglobin, and erythrocytes during different forms of therapy in a 
middle-aged woman with rheumatoid arthritis. 


fear. The patient should know before treatment is started that benefit cannot 
be promised and that toxic reactions may develop, rather than be surprised by 
one or both of these results. 
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For an adequate trial of treatment it is considered that at least 500 mg. of 
a compound containing approximately 50 per cent gold should be administered. 
The minimum time required for this (employing my own schedule of treatment) 
is 3 months. 


CONTRAINDICATIONS TO USE OF GOLD COMPOUNDS 


The most important contraindication to the use of gold salts is known pre- 
vious toxicity from administration of gold or other heavy metals. Allergy to 
many other drugs should make one cautious in regard to use of gold compounds. 
Although experience has shown that some patients with multiple drug hyper- 
sensitivities may tolerate gold compounds and benefit from their use, it is con- 
sidered wise to avoid the use of gold salts in such patients, and to select corti- 
costeroid as the suppressive agent, since this therapeutic substance is known to 
have antiallergic properties. Similarly it is wise to avoid unnecessary treatment 
of any kind during pregnancy, so as to minimize chances of trouble both for the 
fetus and the mother. Fortunately, rheumatoid arthritis usually improves dur- 
ing pregnancy so that a suppressive agent seldom is needed, but if it is considered 
important to the welfare of the mother to give a gold compound (because of 
progressive incapacitating arthritis), experience in several patients has shown 
that there has been no undesirable effect on mother or baby. 

Acute disseminated lupus erythematosus, diagnosed as rheumatoid arthri- 
tis, is often intensified when gold is administered. This disease is considered a 
contraindication to gold therapy. There are still unsettled problems in chroni- 
cally ill patients who have clinically characteristic, rheumatoid arthritis with 
a positive L.E. phenomenon. Many of these have received gold therapy with 
no evident trouble, but more study is needed in order to determine whether 
these patients have less tolerance for gold salts and whether such treatment 
should be withheld. 

Previous liver or kidney disease does not contraindicate the use of gold 
compounds, but during seriously impaired function of these organs gold salts 
should not be used. The danger is not that toxicity is more likely to occur but 
that it would be poorly tolertaed when combined with the already existing illness. 
Similar considerations apply when a severe blood dyscrasia (anemia, purpura, 
etc.), uncontrolled diabetes, or cardiac failure exists. Such illnesses should be 
controlled or eliminated before gold compounds are used. 

Chronic dermatitis, including psoriasis, does not contraindicate gold therapy. 
Usually the existing skin disorder is not adversely affected even though derma- 
titis may result from intolerance to the gold compound. 

Debilitation from any cause should militate against the use of a gold com- 
pound. Age alone is not a contraindication to gold therapy if general health 
and nutrition are good. 


METHOD OF TREATMENT 


Selection of Gold Compound.—Many gold compounds are available. These 
include complex crystalline salts, soluble and insoluble, and colloidal suspensions 
of the element or of a simple salt. I and my collaborators”: have shown that 
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injected colloidal suspensions are quickly taken up by the reticuloendothelial 
system and that dependable biologic effects cannot be expected from them. Also, 
insoluble gold salts injected intramuscularly show great variability of absorption, 
which is usually poor and always slow and incomplete. The preparations shown 
by metabolic studies and by clinical trial to be the most dependable and satis- 
factory for practical use are the soluble gold salts, such as gold sodium thioglu- 
cose, gold sodium thiomalate, and gold sodium thiosulfate. Of these, only the 
last can be given intravenously, but there is no advantage in using the intravenous 
route, unless it be to eliminate any chance of incomplete absorption from a 
muscle depot. In my experience the intramuscular route of administration has 
been found the most practical. 

Schedule of Dosage-—-The manner of treatment has varied considerably 
among different clinicians. I use one of the soluble gold salts containing 50 per 
cent gold, either gold sodium thioglucose or gold sodium thiomalate, and give 
weekly intragluteal injections containing the following dosage for adults of aver- 
age size. 

First injection 10 mg. 
Second injection 25 mg. 
Third through twenty or twenty-four injections 50 mg. 


If no improvement results after this amount of treatment, the use of gold 
is considered to have no value and is discontinued. If improvement is observed, 
the same dose of the salt is given at 2-week intervals for 4 to 6 more injections, 
then at 3-week intervals for another 4 to 6 injections, and thereafter at monthly 
intervals as ‘‘maintenance treatment” for a year or longer until it is thought that 
the disease is suppressed and that further treatment will be of no value. Should 
exacerbation occur during maintenance therapy, weekly injections may produce 
more suppressive effect. 

For children the treatment schedule is similar except that the dose in each 
injection is reduced in proportion to body size. 

Many other treatment schedules have been employed. In Europe, many 
clinicians prefer larger weekly doses, and some advise more frequent injections. 
Some American physicians have reported good results from smaller doses than 
outlined in this paper. Considering the knowledge of metabolism of gold and 
based upon extensive trials, I believe the plan outlined is preferable for most 
patients. 

It is important that strict precautions be taken to recognize early evidence 
of intolerance or toxicity. Should toxic manifestations develop—and they may 
appear at any time during the use of a gold compound—administration of the 
drug should be discontinued. After all signs of toxicity disappear, provided the 
disorders have been mild, smaller doses are sometimes tolerated and beneficial. 
Experience is the best guide in this circumstance and trial is the only way to 
determine whether more gold compound can be tolerated. It should not be 
employed after a severe form of toxicity. If treatment has been discontinued 
for any reason, and a gold compound is again used, a small initial dose and only 
small increases should be employed when it is recommended. 
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The prolonged, combined use of gold compounds and corticosteroids has 
been found to have no merit. Sometimes it is practical to use corticosteroids 
for 6 to 8 weeks at the beginning of gold therapy in severely painful and pro- 
gressive disease until the effects of gold therapy begin. 


PRECAUTIONS 


Only those physicians who know the nature of the therapeutic and toxic 
potentialities of gold compounds should attempt to use them therapeutically. 
The physician should examine the patient before each injection for any symptoms 
or clinical signs of toxicity. It is helpful to inquire regarding pruritus, sore mouth, 
metallic taste, and irritation of eyelids which are among. the early symptoms 
of toxicity. Inspection of the eyes, mouth, and skin, including that of the audi- 
tory canal, should be made. Laboratory studies should include urinalyses and 
erythrocyte and leukocyte blood cell counts done weekly until 500 mg. of a gold 
compound has been injected; thereafter, before each second injection. Additional 
laboratory studies may be indicated by symptoms or signs of toxicity (platelet 
count if purpura develops, etc.). LLeukopenia, rapid decrease in hemoglobin, 
erythrocyte count, or platelets, the occurrence of albuminia, hematuria, pruritus, 
dermatitis, or stomatitis are danger signals; however, gold toxicity is not always 
the cause of these changes. A rapid reduction in erythrocyte sedimentation rate 
may forebode clinical manifestation of toxicity. Should any suggestion or definite 
sign of toxicity develop, use of the gold preparation should be discontinued. In 
case of doubt it is wise to consider it likely that intolerance to gold may be develop- 
ing and to withhold further use of the compound until the picture is clarified. 


TOXICITY 


Toxicity from gold compounds depends upon several factors including the 
preparation employed, the manner of its administration, especially the size of 
dose at each injection, the precautions taken, and, of course, the criteria used to 
evaluate toxicity. All preparations of gold which possess potential therapeutic 
value also have potential toxicity. Toxicity can occur at any time during or 
shortly after treatment although usually it appears after 300 to 400 mg. of the 
gold compound has been injected (given according to the schedule described). 

The many different manifestations of intolerance to gold have already been 
mentioned. The incidence of toxic complications is variously reported, as little 
as 4 per cent" and as high as 51 per cent. The average incidence of toxic mani- 
festations, including minor reactions, is 37 per cent calculated from reports by 
different authors. Some minor complications occurring during gold therapy may 
not be a manifestation of gold toxicity. This was clearly shown by Fraser,'® 
who found that among a group of arthritis patients receiving injections of a 
placebo (to control results of clinical trials of gold compounds given to another 
group of patients), the physician, who did not know the injections were placebos, 
considered various complications to be manifestations of ‘‘gold toxicity’’ in 27 
per cent of the patients! When smaller doses of gold salts are used, as in the 
schedule outlined herein, the incidence and severity of toxicity are significantly 
less than when larger doses, as initially popular, are employed.” 
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TREATMENT OF TOXICITY 


When toxicity develops, use of the gold compound should be promptly dis- 
continued. If the toxicity is mild it is wise not to employ measures that will 
cause rapid elimination of the gold because this compound concurrently has a 
beneficial effect on the rheumatic disease. If the toxicity is in the form of serious 
blood dyscrasia, vital organ disease, or dermatitis which causes much discomfort, 
antidotes should promptly be employed. The effectiveness of 2, 3-dimercapto- 
propanol (BAL) has been clearly demonstrated. This antidote is most effective 
when injected at 4-hour intervals for 4 to 6 injections daily for 2 days, and twice 
daily for the following 5 to 8 days. The dose used is the same for each injection 
and is calculated on the basis of body weight: 25 mg. (0.025 c.c. of the prepared 
solution) per kilogram of body weight. 

Because of several undesirable features which usually accompany the use of 
BAL, cortisone derivatives or corticotropin, which are very dependable agents 
for the treatment of gold toxicity, have become the preferable antidotes. Corti- 
cotropin used in a slow intravenous drip, 25 units daily for several days, may 
suffice. For more prolonged treatment ACTH gel or zinc corticotropin, 40 or 
50 mg. intramuscularly daily are very effective. In ambulatory patients, hydro- 
cortisone 40 to 80 mg. orally daily, or prednisone or prednisolone 10 to 20 mg. 
daily usually control the reaction. Treatment should be employed so long as 
needed. 

SUMMARY 


Based upon current knowledge, it is concluded that although empirical, gold 
compounds may have a suppressive effect upon rheumatoid activity. Their 
usefulness is limited by uncertainty of therapeutic effect, slowness of action, and 
potential complications due to toxicity from the heavy metal. Recommendations 
for the selection of a gold compound for therapy, the schedule of administration, 
precautions during its use, and management of toxic reactions are presented. 

Although its action is less dependable, slower, and less potent than that of 
corticosteroid as an antirheumatic agent, there are many circumstances when 
administration of a gold compound is practical, reasonable, and beneficial for 
the treatment of rheumatoid arthritis. These circumstances have been evaluated. 

With increasing research into the nature of rheumatoid arthritis, it is to be 
expected that treatment will be improved. Until this happens, clinicians should 
employ the therapeutic agents available as wisely as possible. The physician 
who employs gold compounds for the treatment of rheumatoid arthritis should 
have a comprehensive understanding of this therapeutic agent and should recog- 
nize its limitations and potential hazards as well as its potential value. 
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HE evaluation of any new drug introduced for the treatment of patients 

with rheumatoid arthritis is a most difficult task. This becomes particu- 
larly evident in long-term studies in which an attempt is made to appraise the 
end results of a therapeutic agent. Many experienced observers who have given 
thoughtful consideration to this problem seriously doubt the reliability of the 
methods currently used in measuring the response of new agents in this disease. 
Data from three carefully conducted investigations at the universities of Harvard,! 
Columbia,? and Edinburgh’ clearly indicate the need for great care in attributing 
changes to a given program of management in this notoriously variable disease. 
These controlled trials offer condemning evidence against the value of a variety 
of agents which have been widely used and favorably considered in numerous 
previous reports. The results after one year of the comparative study conducted 
by the British Empire Rheumatism Council,! which showed no significant differ- 
ence between a group of patients treated with cortisone and a similar group 
treated with aspirin, are particularly revealing. The observed clinical improve- 
ment and radiologic evidence of joint deterioration occurring to a similar extent 
in both treated groups is surprising in view of the often dramatically favorable 
immediate results of hormone therapy. In view of these and other reports, the 
need for better methods for measuring the activity of this disease and for more 
objective and dependable studies in this field is obvious to all. 

This current clinical investigation to determine the value of phenylbutazone 
(Butazolidin*) in rheumatoid arthritis was undertaken with full realization of the 
pitfalls in the existing methods, but with the hope of devising and applying 
some new control methods and perhaps of offering data which would be statis- 
tically valid. In addition, with the wide divergence of opinion regarding the 
relative toxicity of this drug, it was considered of interest to report an analysis 
of toxic reactions occurring in the above patients and also in 129 additional pa- 
tients who received phenylbutazone for a variety of other rheumatic disorders. 


These studies were supported in part by grants from the Boettcher Foundation, Denver, Colo., 
and Geigy Pharmaceuticals, Inc., New York, N. Y. 
*Trade name of the Geigy Company, Inc., New York, N. Y. 
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METHOD OF STUDY 


Observations were made in this study upon two groups of patients with 
rheumatoid arthritis. The first group wascomposed of 93 patients who received 
only phenylbutazone and were followed for periods varying from 3 months to 
5 years. The second group consisted of 20 patients who were treated for a period 
of 11 months during which each patient received phenylbutazone, aspirin, and 
cortisone in sequence. The drugs were administered according to the ‘‘double 
blind”’ technique described below. The comparative effectiveness of phenyl- 
butazone, cortisone, and aspirin in the suppression of inflammation was objec- 
tively measured in the smaller group. 


GROUP I 


Selection of Patients—The patients which form the basis of this part of the 
report were chosen at random from among the indigent and part-pay patients 
attending the Arthritis Clinic of the Colorado General Hospital. In this group, 
the diagnosis was concurred in by two experienced clinicians and was based upon 
the usually accepted clinical and laboratory criteria. By the classification of the 
American Rheumatism Association, all patients were in Stage III or IV, and 
Class II, III, or IV. Many of these patients had previously received adreno- 
corticotropin, cortisone, hydrocortisone, or gold. With few exceptions, patients 
with cardiac failure, history of peptic ulcer, renal disease, or anemia were ex- 
cluded from the study. 

Of the 93 patients with rheumatoid arthritis in Group I, 64 were women and 
29 were men. The mean age was 58 years, with the distribution by decades as 
shown in Table I. 


TABLE [. AGE OF PATIENTS 


Age in years 21-30 | 31-40 | 41-50 | 51-60 | 61-70 | 71-80 


Number of patients 7 12 12 31 16 10 
(Mean age—S8 years) 


One of the factors now recognized as a serious obstacle in judging the effec- 
tiveness of drug therapy in rheumatoid arthritis is the spontaneous fluctuation 
in the activity of the disease. There is a particularly high proportion of patients 
who improve during the first year of the disease irrespective of the type of therapy. 
Only four patients in this series had early disease (i.e., less than one year’s dura- 
tion). The duration of illness at the time when the drug was started in this group 
is indicated in Table II. 


TABLE II. DURATION OF ILLNESS WHEN TREATMENT STARTED 


Duration of illness | - | 26 See ies | 5-10 | 10-15 
yr. Vins || YR 


Number of patients | ieee Se ae i | et aS 
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Treatment Schedule-——Phenylbutazone was given as oral tablets each con- 
taining 100 mg. of the drug. There was a wide range in the total daily dose 
(from 100 to 1,200 mg.). After the first few months of the study it became ap- 
parent that few patients tolerated the higher portions of the range, and daily 
dosage was accordingly reduced to 300 to 400 mg. per day. 

Plan of Follow-up.—During the first month of therapy, each patient was 
seen at weekly intervals, and thereafter the interval between visits was never 
greater than one month. On each return visit the patient was questioned con- 
cerning any subjective improvement and the occurrence of gastrointestinal symp- 
toms, pruritus, rash, swelling of the extremities, or other evidence of toxicity. 
The patient’s weight, total white blood cell count, hemoglobin, and sedimenta- 
tion rate were determined during each return examination. The functional ca- 
pacity was evaluated. An attempt was made to measure the rate of structural 
change by serial roentgenogramsof affected joints (usually hands or feet) taken 
at 6-month intervals. 

GROUP II 


Selection of Patients—The 20 patients included in this group were selected 
by consecutive interview of patients with rheumatoid arthritis attending this 
clinic without regard to previous therapy. 

The ‘‘ Double-blind’ Technique-——Two drugs, phenylbutazone and cortisone, 
were administered to each patient as identical tablets. Although the size was 
the same, the phenylbutazone tablets contained either 50 mg. or 100 mg. while 


the cortisone tablets contained either 12.5 mg. or 25 mg. One of the drugs was 
given for a period of 5 months, followed by a one-month period on identical tablets 
containing only aspirin (0.3 Gm.). Following this the opposite drug was admin- 
istered for a period of 5 months. The order of administration of the test drugs 
was randomized and the nature and dosage of the tablets were unknown to both 
the patient and the physician. The number of tablets prescribed per day was 
governed by the subjective response of the patient, although in some cases the 
number of pills was restricted because of the appearance of signs of toxicity. 

Plan of Follow-up.—On initiation of therapy and after each 5-month treat- 
ment period or one-month period of aspirin therapy, objective measurements of 
joint inflammation were made by the method described below. The erythrocyte 
sedimentation rates were determined at the same time and the functional capacity 
was estimated. By applying a modification of the measurement of joint surface 
reported by Lansbury and Haut to a quantitation of the extent of inflammation 
in each joint, a ‘‘total index of inflammation” was calculated. 


INDEX OF INFLAMMATION 


Measurement of Degree of Inflammation.—Before and after each treatment 
period, all joints were systematically evaluated in terms of the classical signs of 
inflammation. The following criteria were used in this objective evaluation. 

Heat and redness: Heat and redness were evaluated by palpation and in- 
spection, respectively. No effort was made to quantitate these signs of inflamma- 
tion; a ‘‘plus’’ (+) being recorded if either sign was present without equivocation. 
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The small joints of the hand were graded by recording one plus sign (+) or two 
plus signs (++) depending on whether the heat or redness involved one joint or 
more than one joint in each extremity. No effort was made to detect heat or 
redness in the shoulder or hip joints. 

Swelling: Swelling in the proximal interphalangeal joints was measured 
after each treatment period by taking the total ring-size at the widest extent of 
the joints, using commercial jeweler’s ‘‘size’’ rings. The base line was considered 
to be the smallest ‘‘total ring size’’ ever recorded. Changes from 10 to 20 per 
cent were arbitrarily assigned a one plus (+) value and greater changes were 
given a two plus (++) value. In those joints in which the presence of fluid was 
easily demonstrated (wrist, elbow, foot, ankle, knee, and metacarpophalangeal 
joints) a one plus (+) was recorded under each joint in which fluid was observed. 
The total circumference of the wrists and knees was measured with a steel tape 
and a one plus (+) represented an increase in total circumference of 10 per cent 
above the ‘‘base line.” 

Tenderness: Tenderness was recorded in two degrees; that demonstrated 
only on moderate pressure being given a one plus (+) value, and that elicited on 
gentle palpation a two plus (++) value. No effort was made to demonstrate 
tenderness in the hip joint. 

Since inflammation is not easily demonstrated in the hips and shoulders by 
the classical signs, pain on motion of either moderate and severe degree was 
used as the criterion of inflammatory involvement of these joints, and was as- 
signed a one plus (+) or two plus (++) value, respectively. 

The degree of inflammatory activity under each of the above categories 
(heat and redness, tenderness, and swelling) was recorded as plus symbols as 
shown in Table III. This table shows the maximum number of elements of 
inflammation which may be recorded under this system. 

Measurement of total joint inflammation: In an effort to express ‘the total 
amount of joint inflammation, each plus (+) value was given a numerical value 
in terms of both the extent of inflammation and the per cent of total body joint 
surface involved. For example, in the proximal interphalangeal joints of both 
hands there is a total of 14 plus (+) marks which express the total possible extent 
of inflammation in these joints that represent 2.8 per cent of the total body joint 
surface according to the measurements of Lansbury and Haut.° 

Therefore, as shown in Table IV each plus (+) recorded in the hands may be 
assigned a numerical value of 1/14 of 2.8 or an index of 0.2. The calculation and 
summation of all recorded plus values gives a total index of inflammation as a 
numerical expression. An index of 100 would express maximum degree of in- 
flammation of total movable joint surface. The numerical values for each joint 
are shown in Table IV. 

RESULTS OF THERAPY 


Anyone who has seriously attempted to grade the results of therapy in 
rheumatoid arthritis recognizes that there are symptomatic responses which are 
so elusive and personal that they cannot be evaluated on a statistical basis. 
Unfortunately these are the very factors about which the patients are most con- 
cerned—pain, muscle spasm, weakness, anorexia, fatigue, and a lack of a sense 
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of general well-being. In this analysis of the end results of phenylbutazone ther- 
apy, no attempt has been made to appraise subjective response. 


TABLE IV 


| NUMBER OF |APPROXIMATE| RATIO OF PER | 
MEASURABLE | PERCENTAGE | CENT TOTAL 
ELEMENTS | OF TOTAL | JOINT SURFACE | NUMERICAL 
AREA INVOLVED | OF JOINT | JOINT ARTIC-| TO NUMBER | VALUE OF 
INFLAM- | ULATING OF ELEMENTS | EACH PLUS 
MATION | SURFACE* OF INFLAM- 
(TABLE III) | MATION 


Proximal 
Interphalangeal joints 


| Metacarpophalangeal joints 


Wrist 
(including carpometacarpals) 


Elbow 


Shoulder 
(including acromioclavicular) 


Temporomandibular 


Proximal interphalangeals 
Feet | Metatarsointerphalangeals 
| Transverse metatarsals 


Ankle (including talonavicular 
and talocalcanean) 


Knee 


Hip 


r 


*Original joint surface areas were taken from the paper of Lansbury and Haut. Am. | 
232:150, 1956. 


Attention has been concentrated upon three selected factors which may be 
measured with considerable degree of accuracy. These factors are: (1) sup- 
pression of the objective signs of inflammation; (2) changes in the functional 
capacity as manifested by the patient’s ability to perform the tasks of daily 
living; and (3) structural changes as shown in serial roentgenograms of affected 


joints. 
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ANTI-INFLAMMATORY RESPONSE 


Repeated objective measurements of the degree and extent of inflammation 
were made only on the 20 patients engaging in the comparative drug study. The 
numerical indices calculated from measurements of joints after periods of treat- 
ment with each drug are shown in Table V. 


TABLE V. INDICES OF INFLAMMATION AND ERYTHROCYTE SEDIMENTATION RATES IN 20 PATIENTS WITH RHEUMATOID 
ARTHRITIS AS INFLUENCED BY PHENYLBUTAZONE, CORTISONE, AND ASPIRIN 
(Values taken on last day of therapy with each drug) 


INFLAMMATORY INDICES ERYTHROCYTE SEDIMENTATION RATES* 


PATIENT AFTER AFTER PHENYL- | | AFTER | AFTER PHENYL- 
INITIAL CORTISONE ASPIRIN BUTAZONE INITIAL CORTISONE | ASPIRIN BUTAZONE 
DATA THERAPY | THERAPY | THERAPY DATA THERAPY | THERAPY Bi) 


AFTER | | an AFTER 
| 
(5 MO.) (1 MO.) (5 MO.) | | (5 MO.) | (1 MO.) | (5 MO.) 


3.84 
1.80 
5.10t 
1.80 
4.42 
0.20t 
28 .18t 
11.50 
15.96 
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*One hour (Wintrobe). 
+First drug in series. 
tFailed to complete 5 months on phenylbutazone. 


In our as yet limited experience, an index of inflammation of 12 or below is 
reasonably accepted by the patient and is usually associated with a functional 
capacity of 1 or 2. At the initiation of the study, 12 of the 20 patients had indices 
of 12 or higher. After treatment with cortisone for 5 months, only 3 patients 
had unsatisfactory indices and, after phenylbutazone, 5 patients. After the 
aspirin control period, 9 of the patients again showed levels above 12. That the 
order of administration of the drugs did not markedly influence the comparison 
is shown by the fact that the unsatisfactory indices with cortisone and phenyl- 
butazone are nearly equally divided between the first and last treatment periods. 

The mean indices for all 20 patients after treatment with each drug were 
aspirin, 12.856; cortisone, 7.333; and phenylbutazone, 9.128. Analysis of the 
initial indices shows that chance distribution gave a significantly higher mean 
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initial index in those patients starting phenylbutzone treatment periods (14.411) 
than that for cortisone treatment periods (12.435). Fig. 1 shows a graphic com- 
parison of the change in mean inflammatory index during treatment with each 
drug. Statistical analysis shows that both phenylbutazone (p= < .01) and cor- 
tisone (p = < .001) suppressed the index after 5-month treatment periods, whereas 
during one-month treatment periods with aspirin placed between the other 2 
drugs, the inflammatory index rose (p= < .001). 


INDEX 


CHANGE IN STANDARD 
MEAN INDEX DEVIATION 
ASPIRIN + 6-001 6-635 


PHENYLBUTAZONE - $283 6120 


INFLAMMATORY 


CORTISONE - 5102 5-465 
' 2 3 
TIME OF TREATMENT IN MONTHS 


Fig. 1.—Mean inflammatory indices at initiation and termination of treatment with aspirin, 
phenylbutazone, and cortisone (20 patients). 


Comparison of the effects of phenylbutazone and of cortisone is more diffi- 
cult since the changes are similar. The mean dosage of phenylbutazone required 
to maintain the 18 patients who accepted treatment for the complete 5-month 
period was 360 mg. per day. The 2 patients who demanded a change in therapy 
while using phenylbutazone had received 800 mg. per day for satisfactory relief. 
(The comparable mean dosage with cortisone was 78.75 mg. per day. However, 
the 4 patients showing satisfactory indices on cortisone and not on phenylbuta- 
zone required at least 100 mg. per day for satisfactory relief.) Examination of 
more patients is needed before a final conclusion is reached, but these initial 
observations indicate that cortisone is more effective than phenylbutazone in 
suppression of inflammation, but usually requires relatively high (and probably 
toxic) dosage to produce the increased benefit. 

The sedimentation rates taken at the time of each clinical measurement of 
inflammation are shown in Table V. Although the values obtained following 
cortisone therapy are somewhat lower than those obtained with aspirin or phenyl- 
butazone, the differences are small, and do not reflect the marked changes noted 
on comparison of the inflammatory indices. 


FUNCTIONAL CAPACITY, GROUP I 


Since no data are available for the direct comparison of the effect of phenyl- 
butazone on functional capacity over long periods of time, we were left in examina- 
tion of the larger group of patients with the unsatisfactory alternative of accept- 
ing the ability of the patient to perform daily tasks at the initiation of therapy 
as a control level, and to observe changes in this level during the course of therapy 
with phenylbutazone. 
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Seventy-five patients (80.1 per cent) of those in Group I originally started 
on therapy reported initial improvement in at least a minimal degree in functional 
capacity. However, as the psychic effect of taking a new drug began to wear 
off, toxic effects became apparent, and as newer drugs became available, the num- 
ber of patients remaining satisfied with phenylbutazone therapy began to fall. 

Of the 93 patients started on therapy to date, 25 have taken the drug for 
periods varying from 1 to 5 years. Table VI shows the current status of the 
total group of patients and the reason for discontinuing phenylbutazone in those 
patients no longer taking the drug. 

Examination of the data obtained from the 49 patients observed for longer 
periods of time (2 to 5 years), indicates that 19 patients have found phenylbuta- 
zone to be a satisfactory long-term therapeutic agent by these criteria. 

TABLE VI. FoLtLow-up Status oF 93 PatiENTS (Group I) WITH RHEUMATOID ARTHRITIS 


TOTAL 2 TO 5 YEAR 
STATUS SERIES (93 | FOLLOW-UP 
PATIENTS) |(49 PATIENTS) 


Minimal activity or remission 

On phenylbutazone with satisfactory control (Class II or better) 
Discontinued for poor therapeutic response 

Discontinued for toxicity 

Discontinued because of patient’s preference for another drug 
Arbitrary transfer to another drug study 

Left clinic (no record) 
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FUNCTIONAL CAPACITY, GROUP II 


A comparison of the functional capacity on aspirin therapy alone with that 
while taking phenylbutazone and cortisone was made in the 20 patients studied 
by the ‘‘double-blind” technique. Table VII shows that of the 20 patients 
evaluated, 10 were unable to maintain satisfactory functional capacity (Class I 
or II) while taking aspirin, while only 3 patients were found to be in Class III on 
phenylbutazone therapy and one patient on cortisone therapy. 

It is apparent that at least during the period of time during which these 
patients were studied that phenylbutazone and cortisone are both superior to 
aspirin as judged by maintenance of the functional capacity of patients taking 
the drugs in sequence on a double-blind study. 


STRUCTURAL CHANGES 


One of the aims of therapy is to reduce the degree of joint inflammation. 
It might appear logical to assume that the degree to which the inflammation is 
suppressed governs the extent of subsequent joint damage resulting from granu- 
lation tissue repair. However, in spite of the fact that symptoms of inflammation 
may be controlled and functional capacity maintained in rheumatoid arthritis 
by several types of drug therapy, there is no conclusive evidence to our know- 
ledge that the structural changes characteristic of the disease are influenced by 
any therapeutic agent. In the past 5 years, roentgenograms have been obtained 
at 6-month intervals on a representative group of 40 patients with rheumatoid 
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arthritis, some of whom received steroids and others phenylbutazone. Roent- 
genograms of the small joints of the hands, wrists, and feet have proved to be 
the most valuable for the detection of progressive involvement of cartilage and 
bone. We have obtained no evidence that either type of therapy halts the pro- 
gressive joint destruction of rheumatoid arthritis. Although most of the serial 
films show slight but unequivocal changes in patients with active rheumatoid 
arthritis, we have not as yet obtained sufficient data to make a comparison of 
the rate of destruction under therapy with various drugs. However, the fact 
that extensive changes may occur in the presence of satisfactory control of clini- 
cal symptoms with phenylbutazone is illustrated in Fig. 2 and 3, showing joint 
changes in patients followed for 23 and 40 months, respectively. 
TABLE VII. CHANGES IN FUNCTIONAL CAPACITY IN 20 PATIENTS WITH RHEUMATOID ARTHRITIS 

TREATED WITH PHENYLBUTAZONE, CORTISONE, AND ASPIRIN THERAPY 

Figures represent ‘‘Class’’ by American Rheumatism Association criteria* 


CLASS AFTER CLASS AFTER CLASS AFTER 
INITIAL CORTISONE ASPIRIN PHENYLBUTAZONE 
CLASS (5 MONTHS) (1 MONTH) (5 MONTHS) 


*Steinbrocker, O., Traeger, C. H., and Batterman, R. C.: J.A.M.A. 140:659, 1949. 
+First drug. 


CasE 1.—Patient C. D., a 62-year-old man, first suffered from generalized rheumatoid arthritis 
in 1950 and has been under continuous observation and treatment since that time. Oral phenyl- 
butazone therapy was started in April, 1952, with a daily dose of 600 mg., and he remained on 
this amount of the drug except for a few days until January, 1955. During this period of 2 years 
and 9 months of continuous phenylbutazone administration, the daily dose was 600 mg. with the 
exception of two periods of 4 weeks each when he took 400 mg. per day. From the standpoint of 
the joint symptoms, he obtained moderate relief while taking the drug and was able to remain 
active at his work as an automobile parts salesman. 

CAsE 2.—Patient L. T., a 47-year-old patient with rheumatoid arthritis and advanced pulmon- 
ary emphysema, was maintained continuously on phenylbutazone from April, 1952, through 
June, 1956. The daily dose varied from 300 to 600 mg. with the latter amount being given for 
three of this 4-year period of uninterrupted therapy. While being maintained on this drug he was 
kept moderately comfortable, but over this period the disease remained active and progressive 
joint deformities with the characteristic ulnar deviation of the fingers developed. 
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Although fairly satisfactory symptomatic control of joint complaints was 
accomplished in each of these two cases, the natural course of the pathologic pro- 
cess of rheumatoid arthritis as reflected in the joint destruction shown on the 


roentgenograms was not arrested. 


Fig. 2.—Case 1. Right second metacarpophalangeal joint showing complete loss of cartilaginous space 
with bone erosion during continuous phenylbutazone therapy. 


TOXICITY ASSOCIATED WITH PHENYLBUTAZONE THERAPY 


Since the initiation of this study, 222 patients have been treated with phenyl- 
butazone for a variety of diseases including Group I of the patients with rheu- 
matoid arthritis reported above. The diagnosis and length of treatment of the 
group of patients from which the toxicity data were compiled are shown in Tables 
VIII and IX. 

In the total group, toxic reactions were encountered in 97 patients (43.8 per 
cent) and required discontinuing the drug in 30 patients (13.5 per cent). Of the 
82 patients treated for longer than 6 months, 5 patients (6 per cent) developed 
toxicity, in each case a peptic ulcer. The distribution of the types of toxicity 
seen is charted in Table X. 

One hundred and sixty patients received phenylbutazone in the range now 
generally used (100 to 400 mg. per day) and as shown in Table XI, the toxic 
reactions were less frequent, althought two developed fresh peptic ulcers. 
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Gastrointestinal Reactions —Epigastric distress, nausea, and vomiting were 
frequently seen; 47 (21 per cent) of the patients complained of dyspepsia at some 
time during the course of therapy. Of these, 26 patients reported only mild 
nausea and 21 patients complained of severe gastrointestinal symptoms. It is 
of interest that 16 of the patients complaining of severe gastrointestinal symptoms 
were receiving doses of more than 400 mg. per day. Of these patients, 12 showed 
no toxicity on a smaller dose, 4 were unable to take a smaller dose, and 5 patients 
Later in the study, phenylbutazone 


discontinued the drug because of dyspepsia. 
was given only with meals, and in dosage of 400 mg. per day or less. By following 
this regime and using antacids as needed, significant dyspepsia was avoided in 


most cases. 


Fig. 3.—Case 2. Left fifth metacarpophalangeal joint showing progressive joint distruction, bone 


erosions, cystic changes and subluxation during uninterrupted phenylbutazone therapy. 


Peptic Ulcer—The most serious complication encountered was the occur- 
rence or reactivation of peptic ulcers. Four deaths from complications of peptic 
ulcer have been reported by others*-* in patients taking phenylbutazone. Thir- 
teen patients in the present series were shown to have ulcers on x-ray after the 
dosage and length of therapy shown in Table XII. 

Seven of the patients denied any previous ulcer symptoms. In 6 cases, a 
careful history suggested ulcer activity at some time prior to the institution of 
therapy. Examination of the dosage and length of therapy indicates that ulcers 
may occur on small dosage after many months of treatment without previous 
complication. In three of the patients, gastrointestinal bleeding was the first 
manifestation of the presence of the ulcer. In all except 4 cases the drug was 
discontinued. The ulcer responded rapidly to conservative management in all 
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TABLE VIII 
DIAGNOSES NUMBER OF PATIENTS 


Rheumatoid arthritis 93 
Rheumatoid spondylitis 
Osteoarthritis 


Gout 


Miscellaneous rheumatic diseases 


Total 


TABLE IX. LENGTH OF THERAPY 


Length of therapy 1 mo. 1-6 mo. 6 mo.-1 yr. 


Number of patients 43 97 32 


TABLE X 


TOXICITY IN 222 PATIENTS TOXICITY REQUIRING WITH- 
RECEIVING PHENYLBUTAZONE DRAWAL OF PHENYLBUTAZONE 


TYPE OF REACTION 
NUMBER OF PER CENT OF NUMBER OF PER CENT OF 
PATIENTS rOTAL GROUPS PATIENTS rOTAL GROUPS 


Gastrointestinal reactions 
Cutaneous reactions 
Hematopoietic reactions 
Electrolyte disturbance 
Miscellaneous 


Total 


TABLE XI. Toxicity IN 160 PATIENTS RECEIVING 400 Moa. or Less PER Day 


NUMBER OF PER CENT OF 


TYPE OF REACTION PATIENTS TOTAL GROUP 


Gastrointestinal reactions 
Cutaneous reactions 
Hematopoietic reactions 
Electrolyte disturbance 
Miscellaneous reactions 


Total 


cee PHENYLBUTAZONE IN TREATMENT 747 
cases including the four in which phenylbutazone was continued.* One patient 
who discontinued the drug was unable to tolerate the severe symptoms of rheu- 
matoid spondylitis after withdrawal of phenylbutazone and therapy with this 
drug was again initiated. Serial x-rays showed prompt healing of a duodenal 
ulcer with antacids and diet management. The patient has continued therapy 
for 14 months and has remained free of gastrointestinal symptoms. 


TABLE XII. Peptic ULCER As A COMPLICATION OF PHENYLBUTAZONE THERAPY 


PHENYLBUTAZONE ULCER LENGTH OF 
PATIENT TYPE OF ULCER DOSAGE (MG. PER DAY)| NEW OR OLD* THERAPY 


° 
3 
re) 


Duodenal 

Duodenal 

Duodenal 

Gastric 

Duodenal 

Duodenal 

Duodenal 

Duodenal 

Duodenal 

Duodenal 600-400 

Duodenal 600-400 I 
Gastric 600-400 New 
Duodenal 800 Old 


3 
° 


No 
Peet ed i leet SOA | 


—_ ee ee 
WN OOONAM PWN 


*The decision regarding whether the ulcer was ‘‘new”’ or ‘“‘old’’ was made after careful clinical 
questioning by Dr. Fred Kern, Chief of Gastroenterology, University of Colorado School of Medicine 
It should be pointed out that conclusive evidence of fresh ulcers by pre- and posttherapy x-rays is not 
available. 


One patient developed a severe gastric hemorrhage and phenylbutazone 
therapy was stopped. Eight months later the patient died and at autopsy a 
carcinoma of the stomach was demonstrated. 

Cutaneous Reactions.—Fourteen patients in the series developed skin rashes 
during the period of observation. However, further investigation revealed that 
in at least 4 cases the rash was not caused by drug therapy. In one case the 
patient was found to have a contact dermatitis resulting from sensitivity to a 
detergent used in laundering her garters. In 3 other cases, the rash involved 
only the wrists and forearms and was probably caused by warm paraffin treat- 
ments given in the Department of Physical Medicine. 

Of the 10 rashes assumed to be caused by phenylbutazone,9 were maculo- 
popular and one was petechial. Earlier in the study it was our practice to dis- 
continue the drug in the appearance of any skin lesion. In each of 5 cases so 
handled, the rash promptly disappeared. In 3 cases, the drug was started again 
without reappearance of the rash. In 4 cases occurring within the last 2 years, 
the rash disappeared although the drug was continued. 

A more serious type of rash associated with generalized hypersensitivity 
reaction was not seen in our group of patients. Four deaths have been reported 
from mucocutaneous reactions occurring during phenylbutazone therapy.!°" It 


*Since submission of this report for publication, one patient has shown a second episode of gastro- 
intestinal bleeding on phenylbutazone therapy. Gastrointestinal series and gastroscopy revealed a 
gastric ulcer whereas the previous ulcer had been duodenal. 


748 SMYTH AND CLARK J. Cees: te) 


has been suggested" that patients exhibiting skin reactions were likely to develop 
agranulocytosis later in the course of therapy. This has not been true in the 
small number of cutaneous reactions encountered in this series. 

Hematopoietic Reactions.—Ten deaths have been attributed to blood dys- 
crasias associated with phenylbutazone therapy, and other nonfatal cases of 
leukopenia, agranulocytosis, and thrombocytopenia have been described.'-”? For 
this reason, careful hematologic observations were made on the patients in this 
series. No cases of agranulocytosis occurred. Most of the patients who showed 
any change in the blood picture had a slight depression of the leukocyte count. 
In 8 patients the count fell below 5,000, the lowest being 2,700, and the drug 
was temporarily discontinued in all of these patients. In 2 cases, the white count 
again fell when phenylbutazone was again administered and the drug was there- 
fore permanently discontinued. Mild and transient anemia (3 cases) and throm- 
bocytopenia (2 cases) were occasionally observed. In this series, none of the 
patients was known to have suffered permanent ill effects from hematopoietic 


toxicity. 


Electrolyte Disturbances.—Edema caused by salt retention has been reported 
In this series, the 
patients were screened for evidence of heart disease, and patients with a history 


to be a common toxic effect of phenylbutazone therapy.” 


of congestive failure were excluded from the study. Many of the patients showed 
weight gains of from 5 to 10 pounds and in these cases salt was restricted. Eight 
patients developed edema requiring rigid salt restriction and diuretics. Two of 
these patients developed moderately severe congestive failure in spite of these 
measures, and therapy was discontinued. 

Miscellaneous Reaction.—One patient was hospitalized during the study be- 
cause of mental confusion and fatigue. No diagnosis was established and she 
made a spontaneous recovery. When she again was placed on this drug, these 
symptoms did not recur. 

Deaths.—Five of the patients who have been treated with phenylbutazone 
have died since coming under observation. Death in one instance was from 
accidental gunshot wounds and occurred while the patient was being maintained 
on the drug. The other 4 deaths were caused by carcinoma of the stomach, 
cirrhosis of the liver, bronchial pneumonia, and coronary occlusion, and in no 
instance was phenylbutazone toxicity implicated as the cause of death. In the 
last 4 cases, death occurred at least 6 months after drug therapy was discontinued. 

In summary, 97 patients (43.8 per cent) exhibited toxic reactions of some 
nature while taking phenylbutazone. Of these, 30 patients (13.5 per cent) showed 
reactions requiring withdrawal of the drug. The total incidence of toxicity was 
reduced from 43.8 per cent to 28.4 per cent by lowering the drug dosage to 400 
mg. of phenylbutazone per day. In no case was it established that phenylbuta- 
zone had caused any permanent harm to the patients in this series. 

Although all of the patients in the group reported here apparently recovered 
rapidly from any toxicity produced by phenylbutazone, serious sequelae and death 
have been reported following the use of this drug. Many of the reported fatal 
toxic reactions have occurred in patients who received larger doses than now 
commonly employed, though at least 8 fatal reactions have been reported with 
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400 mg. per day or less. Little information regarding the over-all frequency of 
such reactions is available. Mauer has summarized data from 3,934 patients 
receiving a variety of dosage schedules and found 3 deaths (0.08 per cent) in 
the total group. The same author reports a total of 24 deaths from the world’s 
literature, 10 which occurred in the United States. If one accepts the reported 
sales figures of the manufacturers which indicate that 3,000,000 patients have 
been treated with phenylbutazone” in this country, the risk of fatal toxicity does 
not seem to be prohibitive. 

Less serious toxicity has in many cases been controlled by limiting the dos- 
age of the drug to 400 mg. per day and advising the patient to take the drug 
with meals or with antacids. In spite of such precautions, however, observation 
of patients undergoing prolonged therapy has revealed a disturbing increase in 
the incidence of peptic ulcer. Our experience has prompted us to increase the 
carefulness with which we rule out those patients with a history of gastrointestinal 
symptoms in selecting subjects for prolonged phenylbutazone therapy. The oc- 
currence of 4 hemorrhages from peptic ulcers emphasizes the need for careful 
supervision with special attention to symptoms suggestive of ulcer or ulcer com- 
plications. All of the patients developing ulcers have responded rapidly to the 
usual medica! therapy; some while continuing to take the drug. No chronic 
ulcers are known to have been initiated by phenylbutazone therapy. 


SUMMARY 


1. The long-term therapeutic value of phenylbutazone (Butazolidin) has 


been studied in 93 patients with rheumatoid arthritis and objective measurements 
of therapeutic effectiveness have been made over a shorter period on 20 patients. 

2. A method for measuring the degree of joint inflammation has been pre- 
sented. 

3. Of 49 patients treated for periods of 2 to 5 years, 19 (39 per cent) have 
found this drug to be a satisfactory long-term therapeutic agent in terms of main- 
taining functional capacity. 

4. Inadouble-blind comparative study, phenylbutazone and cortisone were 
found to be superior to aspirin in suppression of inflammation and maintenance 
of functional capacity. Large doses of cortisone were superior to phenylbutazone 
but the differences were not striking. 

5. The natural course of the pathologic process of rheumatoid arthritis as 
reflected in the joint destruction shown in serial roentgenograms was not arrested 
by phenylbutazone. 

6. The toxic reactions in 222 patients who received phenylbutazone for a 
variety of rheumatic disorders have been analyzed. In no case was it established 
that phenylbutazone caused any permanent harm to the patients in this series. 
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S A result of the many adverse side effects that were encountered in the use 
of the naturally occurring 11, 17-oxygenated steroids, cortisone and hydro- 
cortisone, the need for an antirheumatic agent that would be relatively free of 
unwanted effects became pressing. Within a short span of 3 years (1954 through 
1956) many new 11, 17-oxygenated steroids were synthesized and of these, 
5 compounds exhibited biologic activities in adrenalectomized animals that were 
promising enough to invite careful clinical trial in patients with rheumatoid 
arthritis. The structural formulas of these 5 steroids are included in Fig. 1 and 
their biologic activities are listed in Table I. 


RELATION OF CHEMICAL STRUCTURE TO BIOLOGIC ACTIVITY OF 
HYDROCORTISONE ANALOGUES 


The side chain and various substituents that a steroid must possess in order 
to exhibit antirheumatic activity in man have now been defined. It has become 
evident that the most subtle modifications of the molecular structure of hydro- 
cortisone may result in profound effects on the mineralocorticoid, glucocorticoid, 
nitrogen antianabolic, and anti-inflammatory activities of the steroid deriva- 
tives. As summarized by Fried,! the antirheumatic effects of corticosteroid com- 
pounds seem to depend upon (1) a 3-keto, 4,5 unsaturated structure in ring A; 
(2) an oxygen atom at position 11; and (3) a dihydroxyacetone side chain at 
position 17 (Fig. 1). Modifications of four general types have been made in the 
molecular structure of hydrocortisone and the specific biologic effects of these 
changes measured. 

1. The Halogenated Derivatives—The halogenation of cortisone or hydro- 
cortisone produced a family of interesting compounds. When the heavier halo- 
gens, iodine and bromine, were substituted at the 9-alpha position of cortisone 
acetate, the glucocorticoid activity was reduced to one-tenth and one-third, 
respectively, that of the parent steroid. When, however, the lighter halogens, 
chlorine and fluorine, were substituted, a derivative was produced which was 4 
and 11 times, respectively, more potent than the halogen-free steroid.” 
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5 unsaturated bond in the hydrocortisone molecule is a prerequisite for anti- 
inflammatory activity, but introduction of a double bond between carbons 6 and 
7 results in a loss of this effect... Yet the introduction of such a bond between 
carbons 1 and 2 (prednisone and prednisolone) produces a fourfold increase in 
the antirheumatic potency of the analogue without increasing the mineralocor- 
ticoid effect. This configuration also imparts to the compound enhanced glycogen 
deposition potency that produces little change in the effect on nitrogen metabo- 


2. Dehydrogenation of Carbons in the Steroid Nucleus.—As mentioned, the 4, 


lism as compared to the parent compound. 


TABLE I. RELATIVE POTENCIES OF SYNTHETIC 11, 17-OXYGENATED STEROIDS 


IN ADRENALECTOMIZED RAT | IN MAN 


ANTI-INFLAM- ANTI- | ADRENAL 
SODIUM GLYCOGEN | MATORY | SODIUM RHEUMATIC SUPPRESSION § 1° 
RETENTION™ DEPOSITIONT EFFECTI | RETENTION EFFECT | DOSE IN MG. 


9a-Fluoro- 5 x DOCA 3xF xF | 50xF | 10xF 2.5 
hydrocortisone (22) 2 2: (6) (7) 


Prednisone and Almost none 3xF 3xF | Less than F 3-4xF 30 
Prednisolone (22) 99 (2° | (12) 


Al 9a@-Fluoro- 5 x DOCA 
hydrocortisone (22) 


Triamcinolone No sodium re- 
tention prop- 


erties (5 


F=hydrocortisone; DOCA=desoxycorticosterone acetate. 
*Measured as urinary sodium output in fifth postoperative day of adrenalectomized 140 to 150 Gm. 
male Sprague-Dawley rats, during 4-hour period following administration of test steroid after 5 ml. oral 


dose of 0.9 per cent sodium chloride solution. 

+Measured as glycogen deposited in livers of adrenalectomized 140 to 160 Gm. male Sprague- 
Dawley rats 5 days after operation and 7 hours after appropriate dose of steroid. 

tMeasured as weight of dried granulation tissue that developed in 7 days about 2 subcutaneously 
implanted cotton pellets during steroid administration in adrenalectomized rats. 

§ Milligrams of steroid required to completely suppress hydrocortisone levels in plasma, 8 to 10 


hours after the single oral dose given at midnight. 


3. Methyl Derivatives —The addition of a methyl group to carbon 2 pro- 
duces important changes in the biologic activity of the steroid. Liddle, Richard, 
and Tomkins’ described interesting structure-function relationships of a group 
of ‘‘2-methyl’’ compounds. This chemical modification results in an enhance- 
ment of the mineralocorticoid effects of steroids having an 11-beta hydroxy group 
(hydrocortisone and 9-alpha fluorohydrocortisone) yet imparts a diminished min- 
eralocorticoid effect to the 11-ketosteroids (cortisone). No significant change in 
effect on nitrogen metabolism results from the addition of the methyl] substit- 
uent. Addition of a methyl group to carbon 6, however, results in an increased 
anti-inflammatory effect but no increase in sodium retention. 

4. Changes in Hydroxyl Groups —The loss of the hydroxy! group at posi- 
tion 17-alpha results in a decrease of glucocorticoid effect by a factor of 2 and a 
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twofold increase of sodium-retaining properties. In contrast, loss of this group 
at carbon 21 causes a seven-fold loss of glucocorticoid activity and a decrease of 
sodium effect by a factor of 15.1. It has been demonstrated recently that when 
an hydroxy! substituent is added to carbon 16 of delta-1, 9-alpha fluorohydro- 
cortisone, the marked sodium-retaining and potassium-losing effects of the parent 
compound are overcome but the anti-inflammatory property is partially re- 


tained.® 


2! CH, OH 
20 C*0 A'- HYDROCORTISONE 
(Prednisolone ) 


6), 94 - FLUORO -IGQHYOROXY- 
HYDROCORTISONE DIACETATE 
(Triomcinolone) 


a! 90 FLUOROHYOROCORTISONE 


Fig. 1—Synthetic steroids with potent antirheumatic properties. 


EFFECTS OF SPECIFIC SYNTHETIC STEROIDS 


9-alpha Fluorohydrocortisone—In 1954, Fried and Sabo synthesized a fluori- 
nated hydrocortisone which proved to have an enhanced glycogen depositing 
effect in the adrenalectomized rat that was 13 times that of hydrocortisone. The 
effect in man on producing true glycosuria was enhanced 20 times that of hydro- 
cortisone and on sodium retention was 50 times that of the parent steroid.® 

Boland and Headley’ reported results of clinical trials on 9-alpha fluoro- 


hydrocortisone in 13 patients with rheumatoid arthritis. These investigators 
found effective suppression of disease with 4 to 8 mg. daily and noted that this 
steroid, on a weight basis, was about 10 times more effective than hydrocortisone 
as an antirheumatic agent. The appearance of edema in 12 of the 13 patients 
and an increase in blood pressure of 6 caused discontinuation of the drug. This 
potent and troublesome side effect of sodium retention has discouraged further 
clinical trials on rheumatoid patients. 

This steroid is an unusually potent agent for suppression of pituitary corti- 
cotropin secretion. Only 1 to 2 mg. administered in single dose or in divided 
dosage over a 24-hour period maximally depresses plasma hydrocortisone levels. 

Delta-1, 9-alpha Fluorohydrocortisone—The combination of dehydrogenation 
of carbons 1 and 2 (as in prednisone) and the introduction of a fluorine atom at 
carbon 9 (as in 9-alpha fluorohydrocortisone) resulted in a new compound, 
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delta-1, 9-alpha fluorohydrocortisone. Sodium retention in man, following admin- 
istration of this steroid, is about 50 times that of hydrocortisone or the same as 
9-alpha fluorohydrocortisone.® Although clinical trials in patients with rheuma- 
toid arthritis revealed an antirheumatic effect 15 times that of hydrocortisone, 
the drug was found to cause severe sodium retention and potassium loss. Black 
and associates’ reported experience with this drug in 10 rheumatoid patients and 
one normal control subject. Doses from 2 to 6 mg. per day were required to 
suppress signs and symptoms of arthritis. Villa and co-workers’ administered 
daily doses of 4 to 10 mg. to 3 rheumatoid arthritis patients and attained bene- 
ficial responses but again with severe sodium retention and potassium loss. Each 
group of investigators reported development of abnormal glucose tolerance in 
one patient following administration of this steroid. Because of the potent 
effects on sodium and potassium metabolism, it appears doubtful that this drug 
will be useful in the management of rheumatic diseases. However, doses as low 
as 1.5 mg.’° have been effective in suppressing pituitary corticotropin secretion 
and hence hydrocortisone synthesis. This is reflected in the reduction of plasma 
hydrocortisone to levels that cannot be measured. For this reason, this steroid 
has proved to be a useful agent in several research problems. 

Triamcinolone (Delta-1, 9-alpha Fluoro, 16-alpha Hydroxy Hydrocortisone 
Diacetate)—A further alteration in the steroid structure was accomplished by 
the addition of an hydroxyl group at the 16 carbon position and by acetylation 
of this compound in 16 and 21 positions, resulting in the formation of delta-1, 
9-alpha fluoro, 16-alpha hydroxy hydrocortisone diacetate (or triamcinolone).® 
This modification of the steroid structure resulted in overcoming the sodium- 
retaining effect of the 9-alpha fluorine atom. Subjects receiving this steroid did 
not retain sodium or lose potassium excessively. Balance studies reported by 
Hellman and co-workers"! showed actual sodium loss when given to patients in 
doses of 12 mg. daily. The antirheumatic potency was similar to prednisone or 
4 times that of hydrocortisone (per weight of compound employed). This has 
been consistent with our experience in patients with rheumatoid arthritis. 

The side effects have been few and minor in the too brief period of clinical 
trials with this drug. In general, patients have tended to lose rather than gain 
weight and there has been noted less epigastric pain. Profuse sweating accom- 
panied by waves of warmth has been a prominent complaint among postmeno- 
pausal women. Purpuric cutaneous manifestations have been noted in one of 
our patients who experienced the same phenomenon when taking prednisone. 

As yet, experience with this compound has been much too limited to make 
any definite statements concerning frequency or severity of side effects as com- 


pared to prednisone. 


CLINICAL EXPERIENCE WITH PREDNISONE THERAPY IN RHEUMATOID ARTHRITIS 


Of the synthetic steroids tested to date, prednisone and prednisolone have 
had by far the widest use. In the two years since these compounds were intro- 
duced (November, 1954), several hundred scientific papers reporting results of 
laboratory and clinical studies have appeared. 
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Pattern of Favorable Response.—The principal advantage of these steroids 
is that in therapeutic doses they do not cause sodium retention or significant 
potassium loss in the vast majority of cases. Their antirheumatic potency is 
3 to 4 times that of cortisone or hydrocortisone (per weight of compound em- 
ployed). Patients with rheumatoid arthritis who have stopped responding to 
prolonged administration of the parent steroid again exhibit marked improve- 
ment when prednisone is given. The pattern of response is similar to that of 
cortisone. Subjective and objective improvement of the arthritis is accompanied 
by reduction in the erythrocyte sedimentation rate (ESR), disappearance of 
C-reactive protein, eosinopenia, increase in serum albumin and decrease in serum 
globulin, increase in hematocrit and hemoglobin concentration, striking reduction 
in the inflammatory reaction of affected synovial lining, and suppression of ante- 
rior pituitary secretion of corticotropin with fall in plasma hydrocortisone con- 
centration and urinary excretion of corticoids and 17-keto steroids. Although 
the initial improvement which follows institution of prednisone diminishes some- 
what as administration is prolonged, the impressive gains made in increased 
functional capacity are sustained (Table IT). 


TABLE IJ. IMPROVEMENT IN FUNCTIONAL CAPACITY OF TEN PREDNISONE-TREATED PATIENTS - 
WitH RHEUMATOID ARTHRITIS OBSERVED FOR 17 TO 27 MONTHS 


BEFORE TREATMENT* AFTER 17-27 MONTHS OF THERAPY 


CLASSES 
NUMBER 
OF 
PATIENTS 


I. Complete functional capacity 

II. Capacity adequate, but with discomfort 
III. Can perform few or no normal activities 
IV. Incapacitated. Wheel chair or bedridden 


*Before prednisone was begun, 4 patients had been receiving hydrocortisone, 3 cortisone, and 3 only 
aspirin. 


Limitations and Hazards.—The limitations of prednisone therapy are those 
shared by other suppressive antirheumatic agents such as salicylates, gold, phenyl- 
butazone, cortisone, hydrocortisone, and corticotropin. When the drug is dis- 
continued, the arthritis flares unless the disease is in remission. The natural 
course of the disease is not fundamentally altered. Destruction of cartilage and 
bone may advance even though the clinical signs and symptoms of arthritis 
recede and the ESR remains lowered or normal. 

The first report on the results obtained with prednisone therapy in rheuma- 
toid arthritis included the reservation ‘‘that serious side-effects, not apparent 
when a small group of patients is first studied, may yet emerge as experience 
with a new therapeutic agent increases.’ Unfortunately, this reservation has 
proved to be amply justified. Major adverse reactions were reported 6 months 
after the first paper appeared.'!® At theend of a 2-year observation of a group of 
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39 patients with rheumatoid arthritis the increasing incidence of serious side 
effects (Tables III to VII) continues to demand extreme caution and arouse seri- 
ous concern. In contemplating institution of prolonged therapy in rheumatoid 
arthritis, or in any other disease, it is imperative that the physician carefully 
estimate the risks involved. The beneficial results that one has reason to expect 
from steroid therapy and the hazard of withholding treatment should clearly 
outweigh the risk of serious adverse effects. When decision is made to embark 
on steroid therapy, the overriding importance of dosage should receive princi- 
pal consideration. It has become a truism insteroid therapy that as the dosage 
increases, the hazard is enhanced. 

Adverse Effects —This report includes two groups of patients; those who 
were continually and closely followed by us for a period of two years (15 patients), 
and those who were observed in the Clinical Center for a period of several weeks 
to months, then discharged to the care of the referring physician and not followed 
by us (24 patients). The adverse effects observed in the first group are listed in 
Table III. Data in the remaining tables are based on the combined groups 
which total 39 patients. Of these 39 patients, 3 were below the age of 30, 6 were 
in the fourth decade of life, 10 in the fifth decade, 11 in the sixth, and 9 in the 
seventh. The duration of rheumatoid arthritis was less than one year in 2 pa- 
tients, between 1 and 4 years in 8 patients, between 5 and 9 years in 14 patients, 
between 10 and 19 years in 12 patients, and 20 years or longer in 3 patients. 
Twenty-five patients were women. 


TABLE III. UNbDESIRABLE SIDE EFFECTS IN 15 PREDNISONE-TREATED PATIENTS WITH 
RHEUMATOID ARTHRITIS OBSERVED FOR Two YEARS 


SIDE EFFECTS NUMBER OF PATIENTS 


Facial rounding 14 
Hirsutism 10 
Cutaneous purpura or ecchymosis 10 
Epigastric pain 

Insomnia and restlessness 
Increased sweating 
Fractures (See Table V) 
Peptic ulcer (see Table VI.) 
Mental changes 

Decreased glucose tolerance 
Weakness and fatigue 
Acneform eruption 


DRrIAwwr UO oO 


Several patients in this group experienced multiple undesirable side effects. 


In the group of 15 patients, hirsutism was troublesome in 10 patients, es- 
pecially in women. Purpura and ecchymosis were noted in 10 patients. This 
sign occurred usually after several months of therapy. The patients’ main com- 
plaint was cosmetic, for none of these patients exhibited evidence of blood loss. 
Bleeding time, coagulation time, and platelet counts were normal in all 7 patients 
with purpura in whom these determinations were made. Prothrombin time 
values and ascorbic acid concentration in the blood were also normal. Increased 
capillary fragility was demonstrated by a positive Rumpel-Leede phenomenon in 
6 of 7 patients. 
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Epigastric pain, insomnia, and restlessness were disturbing to some patients. 
Increased sweating was noted by 7 patients and was usually accompanied by 
flushing of the skin occurring 4 to 10 times daily. Most women experiencing 
this reaction were at or past the menopause; one patient, however, was menstruat- 
ing regularly. 

A decrease in glucose tolerance was demonstrated in 3 of 9 patients in whom 
determinations were made before and after prednisone administration. In ad- 
dition to these, two patients, abnormal before treatment, continued to show 
defective tolerance. None of the patients in this group demonstrated fasting 
hyperglycemia or glucosuria. Three other patients, in whom pretreatment glu- 
cose tolerance tests were not performed, showed abnormal glucose tolerancefon 
prolonged prednisone therapy. 

Other minor side effects included weakness and fatigue in 3 patients and 
acneform eruptions in 2. 

Fractures.—Pathologic fractures have occurred in 21 per cent of the com- 
bined group (Tables IV and V). Six of the 8 patients who sustained fractures 
were older than 50 years. It is noteworthy that the disease in all cases was of 
many years’ duration. Seven of the 8 patients had rheumatoid arthritis for 10 
years or longer. The dosage of prednisone at the time of the fracture varied 
between 15 and 30 mg. Vertebral, rib, pelvic, and femoral fractures occurred. 
It is also noteworthy that all but one of the patients who developed fractures 
were women. This compares with the experience of Bunim, Ziff, and McEwen" 
who followed 59 patients (32 women and 27 men) on long-term cortisone therapy 
and noted the incidence of 4 fractures—all in female patients. Howell and 
Ragan! reported 6 vertebral compression fractures in 68 rheumatoid arthritis 
patients receiving prolonged cortisone therapy. All but one of these occurred 
in women of menopausal or postmenopausal age. 


TABLE IV. SeErR10ous SIDE EFFECTS AND COMPLICATIONS IN 39 PREDNISONE-TREATED PATIENTS 
WITH RHEUMATOID ARTHRITIS OBSERVED FOR VARYING PERIODS UP TO Two YEARS 


SIDE EFFECTS NUMBER PER CENT 


Fractures (see Table V) | 21 
Mental changes 16 
Psychosis 
Transitory depression 
Peptic ulcer (see Table V1) | 16 
Polyarteritis nodosa 10 
Overwhelming intercurrent infection 3 


Several patients in this group experienced more than one of the serious side effects listed. 


Comment.—What factors may have contributed to this high incidence of 
fractures? Prednisone therapy may be associated with a higher fracture rate 
than cortisone or hydrocortisone. The long duration of disease and the anteced- 
ent, long-term administration of another steroid may have predisposed or ‘‘pre- 
pared”’ the skeleton for this complication. The dosage may have been too high. 

Six of the 8 patients listed in Table V had received cortisone or hydrocorti- 
sone prior to prednisone, 2 for longer than 4 years. Although prolonged steroid 
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administration may have produced considerable osteoporosis, the fact 
remains that only one of these 6 patients had experienced a fracture while taking 
the parent steroids. In light of our present knowledge, administration of pred- 
nisone in greater dosage than 15 mg. daily exceeds the limits of prudence and 
reasonable safety. In certain circumstances, however, the physician may not 
be free to determine dosage. For example, a switch to prednisone may be con- 
templated in a patient who had received cortisone for one or more years. Re- 
duction of prednisone dosage to less than one-fourth the former cortisone dosage 
might produce difficulties that the patient could not tolerate. Nevertheless, this 
should not deter the physician from the ultimate goal of limiting prednisone 
dosage to relatively safe levels. 


TABLE V. FRACTURES OCCURRING IN A GROUP OF 39 PATIENTS WITH RHEUMATOID ARTHRITIS 
TREATED WITH PREDNISONE 


DURATION OF 
PREDNISONE 
THERAPY 
AT TIME SITE OF 


| DAILY DOSE 
DURATION OF FRACTURE | OF 
DURATION | OTHER STEROID ON | PREDNISONE 
PATIENT OF THERAPY PREVIOUS AT TIME 
ARTHRITIS PRIOR TO STEROID | FRACTURE FRACTURE FRACTURE 
(YR. ) PEgDNISONE THERAPY | OCCURRED OCCURRED 
(MG.) (MO.) 


| 
| 
| 
| 
| 


None* 5 : | Dorsal vertebrae 
V and VIII 


None | | | Dorsal vertebra 
|. Vet 


None - | ¢ | Dorsal vertebra 
VII; pubis 
Femur 
| | 
50 mo. Dorsal verte- | : | Dorsal vertebra 


brae VIII and V and several 
several ribs ribs 


52 mo. None | Pubis and 
ischium 


9 mo. None : | Lumbar verte- 
bra I 


None | E | | Dorsal vertebrae 
| V and VIII 


None f | Dorsal vertebra 
XI; Lumbar I, 
| | III, IV, and V 


*Sustained fracture of lumbar vertebra I before receiving any steroids. 


The mechanism for osteoporosis associated with steroid administration is 
not completely understood. The best explanation thus far advanced is Albright’s 
concept that osteoporosis is a disease of protein matrix of bone and not of bone 
itself. The adrenal oxysteroids, which are antianabolic, interfere with matrix 
formation while bone resorption proceeds at normal rate. The effectiveness of 
estrogen and androgen therapy in protecting the skeleton during steroid therapy 
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has not been conclusively demonstrated. The role of dietary calcium in the 
pathogenesis and correction of osteoporosis needs to be re-evaluated. 

Mental Changes—Mental changes occurred in 6 of 39 patients receiving 
prednisone. In only two patients, however, did a frank psychosis develop, which 
persisted and required institutional care. In the other 4 patients, contact with 
reality remained, although severe instability, unreasonable behavior, and unusual 
activity were prominent. These 4 patients improved upon continued (but us- 
ually decreased) steroid dosage. 

Quarton and co-workers!® have carefully reviewed the question of steroid- 
induced mental disturbances and stated that a satisfactory explanation for these 
disturbances is not yet available. 

Psychoses during steroid therapy have been reported in from 0 to 10 per cent 
of cases® and average about 5 per cent.'!? In mild cases of mental aberration, 
steroid therapy can often be safely continued at slightly lower maintenance levels, 
but occasionally a severe psychotic depression will necessitate discontinuing 
steroid medication. 

Peptic Ulcers ——Sixteen per cent of our patients developed peptic ulcers 
during prednisone therapy (Table VI). One of the 6 patients had an ulcer 
previously that healed on medical treatment. In one patient the ulcer was 
symptomless and was detected by routine radiographic examination of the 
duodenum. The dosage of 30 mg. daily in 3 patients requires special comment. 
Two of these patients were among the first 7 to be treated with prednisone and 
the level of safe dosage had not yet been determined. The ulcers developed 
during the third and fourth week of therapy. A third patient was discharged from 
the hospital taking 15 mg. daily and was instructed not to exceed this dose. 
Because of past history of ulcer, prophylactic ulcer regimen was implemented. 
While at home, the patient took by error 30 mg. daily and after several weeks 
was readmitted bleeding briskly. 

Three of the 6 patients who developed peptic ulcers recovered even though 
prednisone was continued; the doses were lowered and antiulcer regimens were 
prescribed. Two patients died of hemorrhage; one with and the other without 
the benefit of gastrectomy; both patients had been receiving antiulcer treatment. 
Their cases are reported in detail in another section of this paper. 

The important relationship between size of steroid dosage and incidence of 
peptic ulcer in patients with rheumatoid arthritis is evident from results observed 
by Kern, Clark, and Lukens.'® Three of 14 (21 per cent) prednisone-treated 
patients developed peptic ulcers when the daily dose was 20 mg. or greater, 
whereas none of 54 patients developed ulcers when the daily dose was limited to 
15 mg. or less. 

Is the incidence of peptic ulcer higher in patients treated with prednisone 
than cortisone? Data available at present are not adequate to permit valid 
statistical analysis. Boland observed that when therapy in 109 patients with 
rheumatoid arthritis was switched from hydrocortisone to prednisone the inci- 
dence of gastric complaints simulating those that accompany peptic ulcer in- 
creased sixfold, from 5.5 to 31 per cent.'? In contrast, Howell and Ragan” re- 
ported that the incidence of peptic ulcers in 68 patients treated with cortisone 
and observed for 4 years was 26 per cent. 
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Massive hemorrhage from peptic ulcer or a perforated ulcer may lead to 
sudden death. The most effective measure for reducing the incidence of ulcers 
is to reduce the daily dose of prednisone to 15 mg. or less. Patients receiving 
15 mg. or more daily should be urged to accept a full ulcer regimen consisting of 
bland diet, frequent feedings, antiacid and anticholinergic drugs. Patients who 
complain of epigastric pain should be examined radiographically for peptic ulcer. 
In addition, the stool should be tested for occult blood and the hematocrit meas- 
ured frequently. If an ulcer is detected, and gastrointestinal bleeding continues 
despite antiulcer therapy, prednisone dosage should be further reduced or com- 
pletely discontinued. If massive hemorrhage should occur, the patient should be 
prepared for surgery by adequate transfusions, hydrocortisone intravenously (50 
to 100 mg.) if immediate surgery is contemplated, and, in addition, cortisone 
acetate intramuscularly (50 mg. every 8 hours) beginning before surgery and 
continuing for several days postoperatively. Prednisone alone may not afford 
adequate protection against postoperative adrenal cortical failure. A history of 
previous peptic ulcer is a relative though not absolute contraindication to steroid 
therapy. 

Polyarteritis Nodosa.—During the past 18 months we have observed the 
occurrence of polyarteritis nodosa in 4 of 39 patients with rheumatoid arthritis 
treated with prednisone. In two instances the diagnosis was established by 
biopsy and in two by necropsy studies. In 3 cases the vasculitis may have de- 
veloped while the dosage was being tapered; in the fourth, the dose had been 
maintained at a constant level. 

Three of the 4 patients died. In one, death was directly related to the vas- 
cular lesions; the patient died of hemorrhage from an aneurysm of an inflamed 
intrahepatic artery. In a second patient death followed massive hemorrhage 
from duodenal ulcer and at necropsy disseminated arteritis was discovered. The 
final illnesses in a third were carcinoma of the breast and congestive heart failure. 
Necropsy studies revealed rheumatoid heart disease with coronary arteritis, mi- 
tral and tricuspid valvulitis, and interstitial myocarditis. The coronary vessels 
were not severely damaged nor occluded. There were no stigmata of rheumatic 
heart disease. The fourth patient is still receiving prednisone (15 mg. daily) 
and is in good functional state (Class II) at present, 12 months after a lesion 
indistinguishable from polyarteritis nodosa was found in biopsy of the gastroc- 
nemius muscle. 

The occurrence of polyarteritis nodosa in rheumatoid arthritis treated and 
untreated with adrenal steroids, the sites at which these vascular lesions are 
found, the histologic relationship of rheumatoid arteritis to polyarteritis nodosa, 
the pathologic significance of polyarteritis nodosa in rheumatoid arthritis, and 
the role of steroid therapy in the pathogenesis of necrotizing angiitis in rheuma- 
toid arthritis are discussed in the paper on ‘‘Vascular Lesions in Rheumatoid 
Arthritis’ which is published elsewhere in this symposium.”° 

How to treat a patient with rheumatoid arthritis who has developed poly- 
arteritis nodosa during steroid administration presents a therapeutic challenge. 
It seems reasonable to attempt to withdraw steroids very gradually, reducing the 
dose in decrements of 1 mg. every 7 to 10 days and substituting other suppressive 
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agents concomitantly. In most cases, however, it will be found difficult or im- 
possible to withdraw steroids completely and the patient will have to be main- 
tained at the lowest tolerable dose. Repeated attempts to discontinue steroids 
should be made periodically. 

Deaths During Prednisone Admunistration.—Six of 39 patients died during 
the past year (1956). Of these 6 patients, 2 (D. W. and J. S.) had been discharged 
from the Clinical Center and returned to the referring physician for continued 
care. In one case (T. K.) prednisone therapy had been initiated by the referring 
physician 15 months before admission. The clinical data are recorded in Table 
VII and a summary of each case is given below. The ages of these patients ranged 
from 43 to 71 years of age. The arthritis was of long duration in all but one case. 
Duration of prednisone therapy was from 6 to 18 months. The daily dose varied 
from 15 to 30 mg. Five patients had received cortisone or hydrocortisone before 
prednisone for pefiods of 6 weeks to 2 years. In 2 cases (J. S. and M. H.) death 
most likely was not related to prednisone administration. 

By the end of 1953, after cortisone, hydrocortisone, and corticotropin had 
been used in rheumatoid arthritis for 5 years, Hench and Ward”! could find ref- 
erences to 32 rheumatoid patients who died from various causes during or some- 
time after end of hormonal therapy. These workers were of the opinion that of 
the 32 deaths, 9 were definitely or probably related to treatment and the relation- 
ship of the remainder ‘‘was either possible but doubtful, entirely coincidental, 
or not clear.” 

In a series of 64 patients with rheumatoid arthritis treated with cortisone and 
observed for 4 vears, Bunim and associates" reported 5 deaths; 3 were not related, 
one was possibly and another probably related to cortisone administration. The 
last-mentioned patient died of an overwhelming intercurrent infection as did one 
patient in the present series (D. W.) 

Howell and Ragan" reported 11 deaths in a group of 68 rheumatoid patients 
treated with cortisone, corticotropin, or hydrocortisone during a period of 6 
months to 514 years. Of these 11 deaths, the major contributing factors were 
bleeding or perforating peptic ulcers in 3 cases, malignant rheumatoid arthritis 
in 2, and intercurrent infection (pneumonitis and acute bacteria! endocarditis) in 
2 cases. Of the 6 deaths in the present report (Table VII) 2 resulted from bleed- 
ing peptic ulcers, one from necrotizing vasculitis (polyarteritis nodosa), and one 
from intercurrent infection (pneumonia and meningitis). 


The clinical summary and necropsy findings in each of the six cases follow. 


CasE 1.—J. M., a 64-year-old white man, was admitted to the Clinical Center Nov. 28, 1955, 
incapacitated with rheumatoid arthritis, of 30 years’ duration, involving many joints. His weight 
had fallen by 50 pounds. There was a history of acute coronary occlusion 3 years previously 
followed in 6 months by duodenal ulcer that healed with medical treatment. The arthritis failed 
to respond to aspirin and cortisone. For 6 months before admission the patient received predni- 
sone (daily doses varied from 5 to 30 mg.) without decided relief. Examination revealed advanced, 
destructive, deforming, active, peripheral rheumatoid arthritis, subcutaneous nodules, enlarged 
lymph nodes in axilla and groin, enlarged heart with a soft apical systolic murmur, a slightly 
enlarged liver, and hypertension. Electrocardiogram showed changes consistent with old myo- 
cardial infarct. Laboratory results included an elevated ESR, a markedly elevated sheep cell 
agglutination titer (1:8,192), and a negative L.E. Cell test. 
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Prednisolone therapy was started on Dec. 25, 1955, in daily doses of 30 mg. and gradually 
tapered in 2 weeks to 20 mg. During the sixth week of therapy the patient complained of epi- 
gastric pain. Roentgenographic studies revealed an esophageal hiatus hernia but no evidence of 
gastric or duodenal ulcer. The daily dose of prednisolone was lowered to 15 mg. and an antiulcer 
regimen was instituted consisting of frequent feedings of a bland diet, propantheline (pro-Ban- 
thine), and aluminum hydroxide gel. The patient was discharged improved on this therapeutic 
program on May 4, 1956. 

On June 30, 1956, he complained of marked weakness, epigastric pain and melena. It was 
discovered that since discharge the patient had been taking, in error, 30 instead of 15 mg. daily. 
He was readmitted and given several transfusions immediately. Roentgenograms of stomach 
and duodenum were interpreted as showing no ulcer; the esophageal hiatus hernia previously 
reported was again noted. The patient’s general condition was too precarious to permit surgery. 
With medical treatment his condition improved markedly. In view of the favorable course it 
was decided to delay operation in order to better prepare the patient for surgery. On July 6, he 
suddenly lapsed into shock and died in a few minutes. 

Necropsy was done by Dr. Leon Sokoloff. The principal findings consisted of chronic duodenal 
ulcer with massive gastrointestinal hemorrhage; recent arteritis in hypothalamus, pancreas, 
right adrenal gland, spermatic cord, seminal vesicle, sciatic nerve, and right sternoclavicular joint; 
generalized, severe atherosclerosis, and a fibrous scar in the myocardium. 


Comment: It seems likely that the duodenal ulcer was activated by predni- 
sone. Unfortunately, the patient took twice the prescribed dose of steroid, by 
error, for 8 weeks. The roentgenograms taken soon after readmission may have 
failed to reveal the ulcer because a blood clot filled the crater. It was reasoned 
that bleeding originated from the site of the esophageal herniation and the 
surgery required to correct this lesion would be relatively formidable. At necropsy 
no ulcer was found in the esophagus. Had the roentgenograms indicated a duo- 


denal ulcer, surgery would have been attempted when the patient had rallied 
from the first hemorrhage. The disseminated arteritis was not suspected during 
life since there were no clinical signs of such a lesion. 


CasE 2.—T. K., a 54-year-old white woman, was admitted to the Clinical Center on May 3, 
1956, with chronic, progressive, peripheral rheumatoid arthritis of 17 years’ duration. During 
this long course of illness, salicylates, gold compounds, and phenylbutazone had been administered 
for varying intervals with moderate improvement. Corticotropin and cortisone had been given 
but were discontinued because edema developed. In March, 1955, 15 months before admission, 
the patient’s physician had started prednisone therapy and varied the dose from 40 to 20 mg. 
daily. Fracture of 5 vertebral bodies had occurred shortly before the patient was referred to the 
Clinical Center. She was admitted for study of the effects of administration of androgens, estro- 
gens, and a diet of high calcium content. On repeated questioning she denied epigastric pain. 
X-ray of the stomach and duodenum was normal in February, 1956. 

Examination on admission revealed widespread peripheral rheumatoid arthritis, purpuric 
spots on the hands and forearms, kyphosis with prominent lower dorsal angulation, and edema of 
the feet and legs. The ESR was 15 mm. per minute (Westergren), sheep cell agglutination test 
was positive, and L.E. cell test was negative. Roentgenograms of the spine showed collapse of the 
eleventh dorsal vertebra, and first, third, fourth, and fifth lumbar vertebrae. Roentgenograms of 
the peripheral joints showed destruction of articular cartilage and bone, and ankylosis of several 
joints. 

When an attempt was made to discontinue prednisone the patient developed life-threatening 
withdrawal symptoms. Prednisone was resumed after a lapse of 24 days and the patient promptly 
improved. The daily dose was reduced to 15 mg. in August, 1956, but because of unsatisfactory 
results it was restored to 20 mg. by October, 1956. At this time the patient began to complain of 
postprandial nausea and an antiulcer regimen was prescribed. This consisted of methantheline 
(Banthine) and frequent feedings of bland diet. The digestive symptoms were not relieved. 
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Roentgenogram on December 17 revealed hiatus esophageal hernia but no definite ulcer of the 
stomach or duodenum. Prednisone was continued in dosage of 20 mg. daily. On December 18, 
methantheline was discontinued because patient complained of dryness of mouth and difficulty 
in swallowing. Aluminum hydroxide and milk of magnesia were given every two hours. On 
December 31, the patient vomited approximately one pint of blood. The blood loss continued 
for the next 30 hours. Fourteen pints of whole blood were transfused within 36 hours and the 
patient was prepared for operation by administration of a total of 175 mg. of hydrocortisone intra- 
venously and 50 mg. of cortisone acetate intramuscularly. A gastrectomy was done 36 hours 
after onset of hematemesis. At operation two bleeding gastric ulcers were found; one in the 
prepyloric region and one on the lesser curvature. During surgery the patient’s general condition 
improved strikingly. The blood pressure and pulse rate became normal. She was observed in the 
recovery room for one hour and her condition was good. Immediately after she was returned to 
her room she suddenly died. 


Necropsy was done by Dr. Frederick H. Fox. No evidence of postoperative gastrointestinal 
bleeding was found. Gross examination failed to reveal the cause of death. Microscopic sections 
were not yet available at the time this report was written. 


Comment: The gastric ulcers and the fractured vertebrae were most likely 
related to prolonged prednisone administration. When the patient was admitted 
to the Clinical Center, attempts to discontinue the steroid or even to reduce the 
daily dose to 15 mg. were abandoned because the patient could not tolerate the 
effects. The cause of death is unknown. Adrenocortical failure does not seem 
likely since the patient had received large amounts of hydrocortisone and cor- 
tisone parenterally. The suddenness of death suggests cardiac arrhythmia. 


CasE 3.—G. B., a 43-year-old Negro woman, was admitted to the Clinical Center on Dec. 9, 
1954, with advanced rheumatoid arthritis of 10 years’ duration. A few months after onset she 
was given injections of a gold compound for one year with moderate improvement. A second 
course of gold in 1952 was ineffective. Cortisone administration was then started and the patient 
improved moderately but developed hypertension, mild glycosuria, facial rounding, and hirsutism. 
After 4 months, cortisone was discontinued but the arthritis became quite severe and a second 
course was given in 1953. After 10 months the steroid was stopped again because the same side 
effects recurred and, in addition, a psychosis developed. In January, 1955, prednisone therapy was 
begun in dosage of 20 mg. daily. Psychosis and glycosuria did not recur but by the sixth month 
of therapy the blood pressure, which had been 124/76, rose to 176/120, purpuric spots appeared 
intracutaneously, and the patient complained of epigastric pain. Examination disclosed sub- 
cutaneous nodules, involvement of numerous joints, elevated ESR, a positive sheep cell agglutina- 
tion test, negative L.E. cell test, and inversion of serum A/G ratio. X-ray of joints revealed 
osteoporosis, erosion of cartilage and destruction of subchondral bone. In the thirteenth month of 
therapy the steroid dosage was reduced to 17.5 mg. daily. During the sixteenth month of predni- 
sone administration the patient developed severe paresthesias of both hands and feet, bilateral 
foot and wrist drop, left facial weakness of the central type, and subsequently anesthesia of upper 
and lower extremities. One week prior to death a Grade 2 systolic apical murmur appeared, to- 
gether with pericardial and pleural friction rubs. Roentgenogram of chest revealed infiltrates 
in both lung fields and pleural effusion. There also appeared multiple, small, discrete, erythem- 
atous, nodular, cutaneous lesions. One of these nodules was biopsied and showed typical vascular 
lesions of polyarteritis nodosa. During her last day she complained of severe abdominal pain, 
appeared to have lost a large amount of blood, and died suddenly. 


Necropsy was performed by Dr. Richard Swarm. Characteristic lesions of polyarteritis 
nodosa, old and recent, were present in synovial pannus of a sternoclavicular joint, striated muscle, 
nerve, skin, heart, liver, kidney, pancreas, and a small bronchus. The terminal episode was 
related to hemorrhage from an intrahepatic aneurysm. The other anatomic findings included focal 
interstitial myocarditis and valvulitis of the aortic and mitral leaflets. 
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Comment: This patient had rheumatoid arthritis, rheumatoid heart disease, 
and polvarteritis nodosa. The relationship of necrotizing arteritis to rheumatoid 
arthritis and to prednisone administration is discussed in another paper in this 
symposium.°° 


CasE 4.—D. W., a 55-year-old white woman, was admitted to the Clinical Center on April 26, 
1955, with a diagnosis of rheumatoid arthritis. Onset occurred in 1939, many peripheral joints 
were involved and a spontaneous remission followed in 3 months. In 1950, while still in remission, 
the patient developed a myocardial infarction and the following year obstructive jaundice due to a 
stone in the common bile duct. The stone was removed surgically, and one month postoperatively 
the polyarthritis recurred. Subcutaneous nodules appeared near both elbows. Cortisone therapy 
was instituted (1951) and withdrawn 2 months later because edema developed. In 1954, phenyl- 
butazone was administered and continued for one year. It was withdrawn because of digestive 
discomfort and nausea. Salicylates were given and moderate improvement followed but the pa- 
tient found this unsatisfactory. 

On admission the patient was found to have moderately severe, active rheumatoid arthritis, 
splenomegaly, and bilateral subcutaneous nodules. The lungs were clear. A soft blowing systolic 
murmur was heard over the left third interspace near the sternal border. X-ray of the chest showed 
moderate enlargement of the heart, exaggerated bronchovascular markings, and clear lung fields. 
Laboratory results included an elevated ESR, 24+ C-reactive protein, hematocrit of 31.5 per cent, 
A/G ratio 2.7/5.1 Gm. per cent, positive sheep cell agglutination test, negative L.E. cell test, 
and electrocardiographic evidence of intraventricular conduction defect. 

On July 13, 1955, the patient developed congestive heart failure and what was considered to 
be pulmonary embolism of unknown origin. Digitalis and anticoagulant therapy were given 
and the patient recovered. Roentgenogram of chest was repeated and found to be normal. Predni- 
sone administration was begun July 6, 1955. Moderate improvement followed and the patient was 
discharged on Nov. 5, 1955, receiving 20 mg. of prednisone daily. During the next few months 
the daily dosage was lowered to, and maintained at 17.5 mg. (at 15 mg. the arthritis flared). 
On April 22, 1956, an upper respiratory infection developed, associated with cough productive of 
white sputum; fever; night sweats; and malaise. The daily prednisone dose was raised to 20 
mg. and Aureomycin was given. On May 3, she complained of occipital headache and 3 days 
later she was admitted to Baltimore Public Health Service Hospital. On admission it was observed 
that the arthritis had become acute. X-ray of chest revealed infiltration in the right mid-lung 
field. Sputum cultures failed to reveal acid-fast bacilli or other significant pathogenic organisms. 
Two blood cultures were negative. The cerebrospinal fluid was cloudy, contained 6 mg. per cent 
sugar and 5,200 leukocytes per cubic millimeter with 92 per cent polymorphonuclear cells. Culture 
of the fluid was sterile. Combined penicillin and streptomycin therapy was given. The patient 
failed to respond and died 48 hours after admission. 

Necropsy was performed by Dr. Robert Katase at the Baltimore Public Health Service 
Hospital. The abnormal findings consisted of purulent leptomeningitis, purulent bronchopneu- 
monia, adhesive pleuritis, old myocardial infarct and left ventricular aneurysm, thickened mitral 
and aortic valves, generalized arteriosclerosis, acute pyelonephritis, and acute salpingitis. Stains 
and cultures of tissues at autopsy (lymph nodes, brain, and lung) failed to demonstrate acid-fast 
bacilli. 


Comment: This patient had rheumatoid arthritis and a past history of 
coronary thrombosis and common bile duct stone. Prednisone therapy in dosage 
of 17.5 mg. daily resulted in moderate improvement. During the tenth month 
of treatment, while at home, she developed an overwhelming intercurrent in- 
fection (purulent bronchopneumonia and meningitis) which did not respond to 
Aureomycin nor, during the last 2 days of life, to penicillin and streptomycin. 


Case 5.—M. H., a 64-year-old white woman, admitted to the Clinical Center on June 18, 
1954, had polyarthritis of 5 years’ duration and was now totally incapacitated. In 1950, and 
again in 1951, she received a 3-week course of cortisone therapy with moderate improvement and 
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no undesirable side effects. In 1952, hydrocortisone was injected into both knees, with some im- 
provement. Examination in May, 1954, revealed multiple, bilateral, peripheral joint involve- 
ment and a blowing systolic apical murmur. Laboratory results indicated a moderate anemia, 
markedly elevated ESR, positive C-reactive protein test, positive sheep cell agglutination test, and 
a negative L.E. cell test. Glucose tolerance test indicated a diabetic pattern although glucose 
concentration in blood during fasting was normal. An electrocardiogram was normal. Roent- 
genograms of joints showed osteoporosis, destruction of cartilage and bone, and ankylosis of some 
articulations. Salicylate therapy was ineffective and while receiving salicylate the patient devel- 
oped severe, bilateral episcleritis. Prednisone administration was begun on Dec. 28, 1954. The 
initial dosage was 30 mg. daily; the patient improved markedly and became ambulatory. 
The daily dose was reduced to 25 mg. on June 7, 1955. A duct cell carcinoma of the right breast 
was detected and a radical mastectomy was done on July 23, 1955. Wound healing (during predni- 
sone administration) was pcor despite multiple grafts. The daily dose of prednisone was lowered 
to 15 mg. by November, 1955. Paroxysmal tachycardia which developed at this time was con- 
trolled with aid of digitoxin and quinidine. Prednisone was discontinued (after gradual reduction 
of dose) on April 1, 1956, because of unsatisfactory healing of the surgical wound. Good healing 
followed promptly thereafter. In June, 1956, bilateral pneumonia (possibly pulmonary embolism) 
with pleural effusion and thrombophlebitis of the right iliac vein developed. Prednisone therapy 
was resumed on July 7, in doses of 5 mg. daily. The patient failed to respond, however, and de- 
veloped congestive heart failure and paroxysmal auricular tachycardia. An electrocardiogram 
now revealed a right bundle branch block. The patient died in July, 1956. 

Necropsy studies done by Dr. P. H. Geisler revealed rheumatoid heart disease with enlarged 
heart (500 grams), adhesive pericarditis, mitral and tricuspid valvulitis, interstitial myocarditis, 
and coronary arteritis. In the sciatic nerve a vascular lesion indistinguishable from polyarteritis 
nodosa was found; no other necrotizing lesions were present elsewhere. There was no evidence of 
metastatic carcinoma. 


Comment: This patient with advanced rheumatoid arthritis of 7 years’ 
duration had developed rheumatoid heart disease, congestive heart failure, 
pneumonia or pulmonary embolism, and pleural effusion. During the last year 
of life she also developed a carcinoma of the breast. The mastectomy wound 
failed to heal until prednisone was discontinued. At necropsy subacute vascu- 
litis of coronary artery and necrotizing angiitis of the sciatic nerve were also 
detected. Prednisone was discontinued 4 months prior to death and was re- 
sumed in minimal dosage a few days before exitus. It is doubtful that steroid 
therapy was related to her death. 


CasE 6.—J. S., a 70-year-old white man, was admitted to the Clinical Center on March 15, 
1955, with a history of moderately severe polyarthritis that had persisted for 6 months and of 
weight loss of 41 pounds, during this period. Treatment with aspirin and colchicine had been 
ineffective. His past medical history was negative. Examination disclosed a well-nourished man 
who was incapacitated because of swelling, pain, and stiffness in the small joints of both hands 
and feet, both ankles and left knee. Subcutaneous nodules were present near the olecranon process 
bilaterally and the olecranon bursae were distended and warm. The cervical nodes were moder- 
ately enlarged. A soft, blowing, systolic murmur was heard at the apex. Laboratory studies 
revealed a markedly elevated ESR, 3+ C-reactive protein precipitate, strongly positive sheep 
cell agglutination test, and normal serum uric acid concentration. A glucose tolerance test was 
distinctly abnormal, the curve following a diabetic pattern; neither hyperglycemia nor glycosuria 
was present. X-rays of affected joints showed osteoporosis, cartilage and subchondral bone 
destruction. 

Prednisone therapy was instituted on May 20, 1955; dosage which was initially 30 mg. daily 
was gradually reduced to 17.5 mg. At the higher dosage there was very marked improvement; at 
the lower dosage the arthritis flared. The disease could not be controlled with less than 25 mg. 
daily. The patient was discharged on July 8, 1955, moderately improved. During prednisone 
administration at the hospital neither hyperglycemia nor glycosuria had developed. 
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On Oct. 12, 1955, he was admitted to Mount Alto Veterans Administration Hospital.* 
Because the patient had developed diabetes, prednisone was withdrawn and the glycosuria dis- 
appeared. During the following weeks the patient became confused and his speech ‘‘garbled.”’ 
He was totally incapacitated and was confined to bed and wheel chair. In January, 1956, lobar 
pneumonia developed. Antibiotics were given and prednisone was reinstituted. The pneumonia 
resolved and the steroid was again withdrawn (January 17), being replaced by salicylates. On 
March 3, 1956, the patient died suddenly while sitting in a wheel chair. 

Necropsy was performed by Dr. John Howe of Mount Alto Veterans Administration Hospital. 
Acute and old cerebral infarcts with encephalomalacia, generalized atherosclerosis involving the 
coronary and cerebral vessels, bilateral pulmonary emphysema, hypertrophy of the right ventricle 
and passive congestion of the liver, and generalized rheumatoid arthritis were found. The stated 
cause of death was cerebral infarct. 


Comment: This patient who was a potential diabetic developed overt dia- 
betes when given prednisone. The severe mental confusion which supervened and 
the cerebral infarcts were most likely due to cerebral vascular atherosclerosis. 
It was the impression of the attending physician and the pathologist that the 
patient’s death was due to recent cerebral infarct and not related to prednisone 


therapy. 
SUMMARY 


The precise relationship of molecular structure to biologic activity of 11, 
17-oxygenated steroids has been described. Preliminary observations on the 
antirheumatic and electrolytic effects of new antirheumatic synthetic steroids 
have been cited. 

The major portion of the paper has been devoted to a report of the serious 
adverse side effects of prednisone observed in a group of 39 patients with rheuma- 
toid arthritis treated for periods extending up to 2 years. Special consideration 
has been given to the occurrence and management of peptic ulcers, pathologic 
fractures, polyarteritis nodosa, and mental disturbances complicating steroid 
therapy. Six deaths that occurred in this group have been analyzed in detail. 
The clinical reports and necropsy findings in each of these 6 cases have been 
summarized and briefly discussed. 


CONCLUSIONS 


Prednisone suppresses disease activity in rheumatoid arthritis effectively, 
promptly and almost uniformly. It is useful in properly selected cases and may 
control the disease when all other measures have failed. It must be used with 
caution and always as part of a comprehensive program of treatment. It has 
significant limitations and serious—at times fatal—adverse side effects. Hazards 
of long-term prednisone therapy increase alarmingly when the daily dosage ex- 
ceeds 15 mg. Patients with rheumatoid arthritis whose disease cannot be satis- 
factorily controlled with a maintenance dose of 15 mg. of prednisone daily should 
be considered unsuitable for this type of therapy. 


*We are indebted to Mount Alto Veterans Administration Hospital for permission to publish these 
data. 
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INTRODUCTION 


N 1953, the New York State Chapter of the Arthritis and Rheumatism Foun- 

dation, together with the Institute for the Crippled and Disabled, instituted 
a ‘Back to Work”’ program for patients whose jobs had been lost or jeopardized 
because of a rheumatic disease. The program aids these patients in obtaining 
competitive employment consistent with their physical limitations. 

Further, through the ‘“‘Back to Work’’ program, the Chapter also sought 
information on several points: whether the number of patients who can use 
vocational rehabilitation warrants such a program; whether a rheumatic disease 
such as rheumatoid arthritis essentially precludes the patient’s return to self- 


support; the best case-finding techniques; the services required by the patients to 
achieve self-support, their duration and their availability in the community; and 
whether appropriate employment can be found. Finally, the Chapter sought to 
learn whether patients, once placed, can sustain employment over a period of 


time. 

Presented here are the results of the program’s first three years of experience, 
and tentative answers to some of the questions stated above. Analysis of the 
patient’s ability to sustain employment over a period of time will be made in a 


subsequent report. 


METHOD OF OPERATION 


Referrals.—Arthritis clinic staffs and private physicians were invited to refer 
candidates for the ‘‘Back to Work”’ program. As the program became known, 
some patients presented themselves and others came at the suggestion of non- 
medical agencies. 

Requirements.—A physician’s letter stating the patient’s diagnosis, func- 
tional restrictions, and ability to tolerate regular daily work was requested with 
each referral. The referring sources were aware that the ability to use public 
transportation was important though not absolutely necessary and that the 


*Medical Director, New York State Chapter, Arthritis and Rheumatism Foundation. 

**Coordinator, ‘‘Back to Work"’ program, New York State Chapter, Arthritis and Rheumatism 
Foundation, and Institute for the Crippled and Disabled. Now at: Rehabilitation Service, Department 
of Preventive Medicine, Stanford University School of Medicine. 
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patients had to have sufficient interest to come to the Institute for interviews 
and the ability and persistence to attend the regular sessions of their rehabilita- 
tion programs. 

The Services Offered——The ‘‘Back to Work’”’ program provides counseling, 
skill testing, refresher courses in old skills, training for new trades, and guidance 
in finding employment. The program is directed by a vocational counselor and 
draws upon the physical rehabilitation, testing, and training services of the Insti- 
tute as needed. Other community resources such as the Division of Vocational 
Rehabilitation and the State Employment Service are also used. The patient’s 
medical supervision remains with his clinic or private physician with whom the 
counselor keeps in touch throughout the patient’s vocational rehabilitation. The 
program’s services are discussed at greater length elsewhere.! 


THE RESULTS 


From September, 1953, through October, 1956, 268 patients were referred to 
the ‘‘Back to Work”’ Program. By November, 205 cases had been closed and 
63 were active. Of the closed cases, 82 had returned to work, 41 had been re- 
jected, and 82 had been accepted but had failed to return to work. 

Each case record has been analyzed to determine the following facts: diag- 
nosis, sex, age, duration of illness, functional handicap, period unemployed, length 
of rehabilitation services, and the referring agency. These facts were used to de- 
termine what relation, if any, they might have to the patient’s success or failure 


in going back to work. 


TABLE I. PATIENTS REFERRED, REJECTED, AND RETURNED TO WoRK By SEX, DIAGNOSIS, AND 
REFERRAL SOURCE 


WENT BACK TO WORK 


| PER CENT OF 
REFERRED REJECTED NUMBER REFERRALS 


Female 


Diagnosis 

Rheumatoid: 
Arthritis 
Spondylitis 

Other: 
Osteoarthritis 
Other rheumatic diseases 
Unknown 


Referral Source 
Medical: 
Arthritis clinics 
Private physicians 
Nonmedical: 
Self 
Other agencies 
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Sex.—As shown in Table I, the patients were almost evenly divided as to 
sex. More women than men were rejected in the initial screening. Once accepted 
for vocational rehabilitation, there was no appreciable sex distinction in the ability 
to return to the labor market. 

Age.—The patients ranged in age from 18 to the late sixties, just over half 
being between 40 and 59 years of age. Attention may be called to the fact that, 
even among those aged 60 or more, 25 per cent returned to work. (Fig. 1.) 


Age of Patients 
Related to Success or Failure in Going Back to Work 
205 Patients 


Number of Potients 


wader 20 20-29 30-39 40-49 50-59 
Age Groups, in Years 


coq Went Bock to Work 
Lao Did not go Beck to Work 


Fig. 1. 


Diagnosis.—As Table I indicates, 118 0! the patients had rheumatoid arthri- 
tis and 20 had spondylitis, while 28 suffered ‘rom osteoarthritis. In addition, 
35 had other rheumatic diseases, including gout, bursitis, hemophilic arthritis, 
rheumatoid iritis, etc. Four cases had no diagnosis; three of these were rejected 
and the fourth withdrew before his medical record was received. 


A somewhat larger proportion of successful cases was found among the rheu- 
matoid and spondylitic patients than among those with other diagnoses. 


Duration of illness —At referral, 101 patients had been ill less than 10 years 
and 87 for from 10 to over 20 years. In 17 cases, the duration of the illness was 
not accurately determined. 

As shown in Fig. 2, patients whose illness had lasted from 5 to 9 years included 
a somewhat higher proportion (47 per cent) who succeeded in returning to work 
than did the group as a whole (39 per cent). It might be noted that, of the 28 
patients ill for 20 years or more, 11 went back to work. 


Functional Handicap.—Ninety-four patients were examined by Institute 
physiatrists. From these medical reports, estimates were made of each patient’s 
physical limitations, in terms of three major functions: (1) hand and arm ac- 
tivities; (2) standing, walking, and climbing activities; and (3) lifting activities. 
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These functions were classified either as normal (including slightly restricted) or 
as moderately to severely restricted. 

The classification was based on the physician’s eva'uation of the patient’s 
ability to perform and was unrelated to physical changes. For example, patients 
classified as “‘normal to slightly restricted’? might present gross deformity and 
yet be capable of adequately performing all three major functions. 

Eighty of the 94 patients were found to have moderate to severe restrictions 
of at least one major function; half of these patients returned to work, as indi- 
cated in Fig. 3. The 29 patients who were restricted in all three major functions 
included 13 who obtained work as a consequence of the ‘‘Back to Work”’ program. 


Duration of IIIness 
Related to Success or Failure in Going Back to Work 
188 Patients* 


A 
24 


14 3-9 10-19 20+ 


Number of Patients 


Duration of Iiiness, in Years 


Ej} Went Back to Work 
mm Did not go Back to Work 


Fig. 2. 


*The 205 referrals also included 17 patients for whom the duration of illness was not determined 
exactly. 


Employment Status ——With respect to their experience in the labor market, 
the patients fall into three groups. The majority (141 patients) had been regular 
wage earners but were out of work when they came to the program. 

Fig. 4 indicates the results obtained with this group of patients. Half of 
those unemployed for less than a year and almost a third of those out of work 
for 10 years or more succeeded in resuming self-support. 

The other patients included 43 housewives and patients with juvenile rheu- 
matoid arthritis (Still’s disease) who had no substantial work experience (of 
whom 11 succeeded in going to work); and 21 patients who were employed but 
reported that their ability to continue working was jeopardized by their arthri- 
tis. Thirteen of these either obtained new jobs or made satisfactory adjust- 
ments to the jobs they held at referral. 
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Duration of Rehabilitation Services —Thirty-seven per cent of the patients 
(including most of those rejected) spent less than 8 weeks in the “Back to Work”’ 
program, while, for half the group, rehabilitation lasted from 2 to 11 months. 
As shown in Fig. 5, only a small number of patients required assistance for as 
long as 12 months; two-thirds of these succeeded in going back to work. 


Restrictions of Function: Hand and Arm; Ambulation; Lifting 
Related to Success or Failure in Going Back to Work 
94 Patients* 


Number of Patients 


Moderate to Severe Restrictions 


Normol 
Slightly No. of Functions Affected 
restricted Total 2a es vaT 


TOTAL —-----— CAPACITY to FUNCTION 
C] Went Bock to Work 
Lal Did not go Beck to Work 
Fig. 3. 


*Based on reports by Institute physicians, which were performed for 94 of the 205 patients. 


Referral Sources——Just over half the patients were ‘‘medically referred”’ 
(by arthritis clinics or private physicians); the others were referred by nonmedi- 
cal agencies or were self-referred (Table I). In comparison with the latter, the 
medically-referred patients included fewer who were rejected and more patients 
who went back to work. 

Employment.—The 82 jobs obtained by the successful patients ranged from 
unskilled industrial labor to professional work. Thirty-one patients got clerical 
employment, 29 went into industrial jobs, 18 obtained work in other categories, 
and 4 were placed in sheltered workshops. 

Clerical jobs included switchboard operating, receptionist, bookkeeping, bill- 
ing, accounting, filing, typing, and the operation of other office machines. Pa- 
tients who entered industry took such jobs as optical worker, jeweler, leather 
worker, sewing machine operator, metal worker, and subcontract inspector. 
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Of the 82, 39 patients entered new trades while 43 returned to work with 
which they were familiar. 

Starting wages averaged from $40 to $45 and ranged as high as $110 per 
week. Several patients have earned wage increases and promotions but, as noted 
above, a report on the postclosure experience of these people awaits further study. 


The Unsuccessful Cases.—In the initial screening, 41 patients were rejected, 
20 because they appeared able to utilize normal avenues to employment, 13 for 
physical reasons, 5 for emotional problems, and 3 for age. 

Eighty-two of the 164 accepted patients failed to return to work. These 
included 31 who were dropped because they did not progress in the program due 
to physical or emotional handicap. Another 33 withdrew, often for unstated 
reasons. The remaining 18 received a variety of constructive services such as 
transfer to college or technical school or referral to other agencies (e.g., a school 
for the blind for a patient with rheumatoid iritis). Although immediate employ- 
ment goals could not be projected for most of these 18 patients when they entered 
the program, some of them may be expected to get work in the future. 


Duration of Unempleyment 


Related to Success or Failure in Going Back to Work 
141 Patients* 


Number of Patients 


under | 12 


Durotion of Unemployment, in Years 


= Went Bock to Work 
ee Did not go Back to Work 
Fig. 4. 


*One hundred and forty-one patients with previous work histories were unemployed at referra). 
In addition, the 205 referrals included 43 without regular work histories (housewives and students) 
and 21 employed patients. 


DISCUSSION 


General Findings.—The experience of the ‘‘Back to Work”’ program suggests 
the following answers to questions posed by the Chapter at the outset. The 
need for vocational rehabilitation of arthritic patients is evidenced by the steady 
pace of referrals, which required expansion of the program's staff. The types of 
service needed are substantially those originally envisaged, e.g., guidance of a 
vocational counselor, skill testing, training, physical therapy, self-help devices, 
and more intensive placement aid than is offered by commercial employment 
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agencies. The time required for vocational rehabilitation varies; half the patients 
remained in the program for less than 6 months and the great majority for less 
than 12. Finally, employment opportunities were found even for the seriously 
handicapped. 

This experience further suggests that any representative group of ambula- 
tory arthritics is likely to include a number of employable, but unemployed, 
patients; as has also been found in another study.? About two-fifths of these 
would resume self-support if given appropriate help. In addition, although several 
case-finding techniques are useful,a medical referral appears to be advantageous. 


Duration of Rehabilitation Services 


Related to Success or Failure in Going Back to Work 
205 Patients 


Number of Patients 


voder 2 2-5 611 12+ 


Duretion of Services, in Months 


= Went Beck to Work 
|| Did not go Bock to Work 


Fig. 5. 


Criteria for Selecting Patients.—Criteria for the selection of appropriate can- 
didates for vocational rehabilitation cannot be specifically defined at this time. 
However, the following general indications may be useful. 

Serious functional impairment does not, of itself, preclude a return to com- 
petitive employment provided the ability to tolerate regular work is present. 
Obviously, bedridden and housebound patients must be excluded. 

Despite the feeling in some quarters that rheumatoid patients are poor vo- 
cational rehabilitation risks, rheumatoid and spondylitic patients will probably 
be equally good as those with other rheumatic diseases. This was also suggested 
by Ragan’s findings in a survey of the work records of 100 of his rheumatoid 
clinic patients.’ 

A majority of the patients in need of vocational rehabilitation are likely to 
be middle aged (70 per cent of those referred to the ‘‘Back to Work’’ program 
were at least 40 years old). Middle age does not prove a serious handicap and 
even patients over 60 may occasionally be placed on jobs. 
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Duration of disease up to 20 years should not greatly influence the patient's 
ability to return to work, and even 20 years of illness does not always prevent 


success. 

Patients who have been unemployed less than one year will be promising 
candidates but even for those out of work more than 20 years a resumption of 
self-support is a possibility. 

Therefore, in selecting patients for vocational rehabilitation, though a medi- 
cal referral seems preferable, no single factor stands out sharply as a criterion. 
Motivation, or the part played in selection by the patient himself, however, is 
quite important. Not all patients referred to the ‘‘Back to Work”’ program pre- 
sented themselves even for an initial interview and, in some cases, considerable 
time elapsed between the referral and the patient’s appearance. The requirement 
that the patient should, of his own volition, cross the Institute’s threshold doubt- 
less screened out patients who (though otherwise capable of rehabilitation) were 
unwilling to consider returning to work, and this was, therefore, an important 
factor in selection. Timidity on the patient’s part, however, need not be given 
too much weight. Once a patient displayed just enough initiative or, perhaps, 
curiosity to present himself to the ‘“‘Back to Work”’ program, it was found that 
his interest in returning to work could often be strengthened to the point of 
success. 

The Vocational Counselor.—The vocational counselor’s contribution to the 
success of a rehabilitation program derives from his close and continuing contact 
with the patient, his understanding of the physical requirements of industrial 
tasks, his familiarity with the local labor market, and his skill in selecting and 
timing the phases of the individual patient’s rehabilitation program so as to 
maintain the optimal rate of progress. 

Thus, the counselor learns what the patient’s work experience is; what he 
would like to do; and his anxieties about getting back to work. The latter may 
include fear that he cannot keep up with a healthy worker’s production; concern 
lest prospective employers be prejudiced against a cripple; or self-consciousness 
about his handicap. The counselor helps the patient to realize that the trial job 
he is doing in the Institute’s protected setting will develop his skills until they 
are on a par with those required by industry, that conscientiousness plus skill 
may be worth more to an employer than full physical fitness. 

In directing the patients’ course through the ‘‘Back to Work”’ program the 
counselor decides which patients merely require help in locating an employer 
who will hire a physically handicapped but competent worker. He may decide 
that another patient needs practice at his regular trade before competing with 
healthy job applicants. Finally he identifies the patients who require testing, 
practice work on different types of job, and possibly training in a new trade before 
they attain competitive status and are ready to seek work. 

Vis-a-vis the potential employer, the counselor acts as the ‘‘honest broker.” 
His professional understanding of the physical demands, motions, duties, out- 
put, and speeds required by commercial and industrial jobs and his knowledge 
of the individual patient’s abilities and performance, enable him to convince 
the potential employer that the applicant’s capacities, health, and experience are 
such that he can compete satisfactorily with nonhandicapped workers. 
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CONCLUSION 


In 38 months, the cases of 205 candidates for vocational rehabilitation had 
been closed, 63 remaining active. Of the 205 closed cases, 41 (20 per cent) were 
initially rejected, 82 (40 per cent) failed, and 82 (40 per cent) returned to work, 


all but 4 in competitive industry. 

Among 94 patients whose functional limitations were measured, 48 returned 
to work. Eighty of these 94 had moderate to severe restrictions in one or more 
of three major functions: hand and arm activities, ambulation, or lifting; forty 
of these 80 went back to work. The 29 patients with moderate to severe limi- 
tations in all three functions included 13 who returned to work. 
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Erratum 
In the paper by Richards, Bland, and White, ‘‘A Completed Twenty-five-Year Follow-up 
Study of 456 Patients With Angina Pectoris,’’ published in the October, 1956, issue of the JOURNAL 
(Vol. 4, No. 4, pages 423-433), there is a transposition of material in Tables V and VI, page 430. 
The headings of the tables are correct, but the data of Table V refer to survival ratios and those in 
Table VI to actual proportions surviving. It is clear that survival ratios must, in general, be 


higher than crude proportions surviving. 
On page 428, Dr. Hugo Muench should be given as Professor of Biostatistics at the Harvard 
School of Public Health, not the Medical School. 


